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PREFACE.
The p ro b lem  p r e s e n te d  by th e  p e c u l i a r l y  i n t r a c t a b l e  
fo rm  o f  anaem ia a s s o c i a t e d  w i th  n e p h r i t i s  has b e en  a 
s u b j e c t  o f  comment and  i n v e s t i g a t i o n  by many w o rk e rs  i n  
a d u l t  m e d ic in e  b u t  th e r e  has b e en  l i t t l e  d e t a i l e d  s tu d y  
o f  th e  b lo o d  changes i n  th e  n e p h r i t i s  o f  c h ild h o o d  a l th o u g h  
a t  t h i s  age p e r i o d  c o m p lic a t in g  f a c t o r s  a r e  l e s s  common 
th a n  i n  a d u lts *
The p r e s e n t  s tu d y  was s u g g e s te d  to  me by p r o f e s s o r  
G.B* F le m in g  and  was u n d e r ta k e n  i n  an  a tte m p t to  g a in  new 
in f o r m a tio n  on some o f  th e  f e a t u r e s  o f  t h i s  ty p e  o f  anaem ia* 
The w ork h as b een  done i n  th e  w ards , b io c h e m ic a l  
l a b o r a to r y ,  and  p a th o lo g y  d e p a r tm e n t o f  th e  R oyal H o s p i ta l  
f o r  S ic k  C h i ld r e n ,  G lasgow , d u r in g  th e  te n u re  o f  a McCunn 
R e se a rc h  S c h o la r s h ip  and  l a t e r  o f  a H a l l  T u t o r i a l  F e l lo w s h ip  
an d  p a r t  o f  i t  h a s  a l r e a d y  b een  p u b l is h e d  i n  th e  A rc h iv e s  o f  
D is e a s e  i n  C h ild h o o d , 19^2 , 17 , 1 , u n d e r th e  t i t l e  o f  
"Anaemia i n  N e p h r i t i s 11 and  a f u r t h e r  p a r t  i s  i n  th e  p r e s s  
f o r  th e  A rc h iv e s  o f  D is e a s e  i n  C h ild h o o d , 1947, u n d er th e  
t i t l e  o f  "The B lood  Volume i n  N e p h r i t i s " .
I t  i s  a p le a s u r e  to  e x p re s s  my in d e b te d n e s s  to  
P r o f e s s o r  G.B. F le m in g  f o r  h i s  c o n s ta n t  a d v ic e  and  
encouragem en t an d  f o r  much h e lp f u l  c r i t i c i s m  th ro u g h o u t th e  
c o u rse  o f  th e  s tu d y *  I  am a l s o  in d e b te d  to  Dr* G. 
Montgomery f o r  a s s i s t a n c e  i n  th e  e x p e r im e n ts  on r a b b i t s  and  
f o r /
2 .
f o r  p o s t  m ortem  r e p o r t s *  an d  to  p r o f e s s o r  Noah M o rr is  and  
M iss O.D* P ed en  f o r  a d v ic e  on th e  b io c h e m ic a l  m ethods*
I  have a l s o  t o  th a n k  Dr* S ta n le y  Graham f o r  
p e rm is s io n  to  s tu d y  c a s e s  i n  h i s  w ards*
I  am g r a t e f u l  to  Mr* W ill ia m  M cGunn's T r u s te e s  f o r  
p r o v id in g  me w i th  a  McCunn R e se a rc h  S c h o la rs h ip *
P a r t  o f  th e  e x p e n se s  w ere d e f r a y e d  by a g r a n t  fro m  
th e  M e d ica l R e se a rc h  C ounc il*
v.-*c ;:l
3INTRODUCTION.
The a c c u ra c y  and  c o m p re h en s iv e n ess  o f  R ic h a rd  
B r i g h t ’s  o r i g i n a l  d e s c r i p t i o n  o f  k id n e y  d i s e a s e  i s  so  
o u t s ta n d in g  t h a t  a lm o s t e v e ry  s tu d y  o f  n e p h r i t i s  o r  o f  
r e l a t e d  p r o c e s s e s ,  b e g in s  by ack n o w led g in g  th e  o p in io n s  
t h a t  he e x p re s s e d  i n  h i s  c e l e b r a te d  r e p o r t s  ( B r i g h t , 1836 ) .  
E ven th e  o r i g i n a l  r e c o g n i t i o n  o f  anaem ia a s  a f e a t u r e  o f  
n e p h r i t i s  h as b e e n  a t t r i b u t e d  to  B r ig h t  i n  view  o f  h is  
s ta te m e n t  t h a t  ' a f t e r  a t im e , th e  h e a l th y  c o lo u r  o f  th e  
c o u n te n an c e  f a d e s '  and  h i s  i n c l u s i o n  i n  th e  c a se  h i s t o r y  
o f  m ost o f  h i s  p a t i e n t s  o f  o b s e r v a t io n s  su c h  a s  'o f  a 
p a l l i d  c o u n te n a n c e ';  'w i th  a p a le  c o m p le x io n '.  H is  
r e c o g n i t io n  t h a t  th e  p a t i e n t s  w ere anaem ic i s  f u r t h e r  
c o n firm e d  by h i s  a d v ic e  t h a t  b le e d in g  s h o u ld  u s u a l ly  be 
a v o id e d  b e c a u se  o f  ' t h e  p e c u l i a r  p a l l i d  h u e '.
I n  1841, C h r i s t i s o n  s tu d i e d  anaem ia i n  c h ro n ic  
n e p h r i t i s  by  a m ethod o f  g r a v i ty  s e d im e n ta t io n  o f  
d e f i b r i n a t e d  b lo o d  and  th e  r e s u l t s  t h a t  he o b ta in e d  
c o rre s p o n d  to  r e d  c e l l  c o u n ts  o f  3  to  3*5  m i l l io n s  p e r  e*mm* 
I n  1878, L e i c h t e n s t e r n ,  w o rk in g  i n  Germany, r e p o r t e d  a 
c o n s id e r a b le  anaem ia i n  p a t i e n t s  w ith  c h ro n ic  n e p h r i t i s *  
T hese w ere e a r l y  o b s e r v a t io n s  b e fo r e  th e  d i f f e r e n t  s t a g e s  
and  ty p e s  o f  r e n a l  l e s i o n  had b een  d e f in e d  and b e fo re  th e  
m odern m ethods o f  b lo o d  a n a l y s i s  had  come in to  common use*
I n  s p i t e  o f  th e  e a r l y  r e c o g n i t io n  o f  th e  a s s o c i a t i o n  b e tw een  
a n a e m ia /
anaem ia and  r e n a l  d i s e a s e  i t  h a s  n o t y e t  b e en  c l e a r l y  shown 
i n  w h ich  ty p e  o f  th e  d i s e a s e  th e  anaem ia i s  m ost i n  e v id e n c e  
n o r i s  th e r e  any u n if o r m i ty  o f  o p in io n  r e g a r d in g  th e  n a tu r e  
o f  th e  anaem ia  when i t  does occur*  The p r e s e n t  i n v e s t i g ­
a t i o n  was u n d e r ta k e n  i n  an  a t te m p t  to  g a in  f r e s h  in f o r m a t io n  
on th e s e  s u b j e c t s  and  on r e l a t e d  p ro b lem s w h ich  a ro s e  d u r in g  
th e  c o u rs e  o f  study*
I t  was r e c o g n is e d  t h a t  th e  f i r s t  e s s e n t i a l  was to  
s e l e c t  a  s u i t a b l e  c l a s s i f i c a t i o n  o f  n e p h r i t i s  w h ich  w ould  
p e rm it  s e p a r a t io n  o f  th e  c a s e s  i n t o  r e a s o n a b ly  d i s t i n c t  
c lin ic a l groups*  The c l a s s i f i c a t i o n  t h a t  h a s  b een  a d o p te d  
i s  b a s e d  l a r g e l y  on th o s e  o f  V o lh a rd  a n d  F a h r  (1914) and 
Boyd (1944) an d  th e  d i s e a s e  i s  d iv id e d  i n t o  f o u r  groups*
A cu te  H aem orrhag ic  N e p h r i t i s ,  C h ro n ic  H aem orrhag ic  N e p h r i t i s ,  
N e p h ro tic  N e p h r i t i s ,  and  N e p h ro s c le ro s is *  I n  o r d e r  to  a v o id  
f r e q u e n t  r e p e t i t i o n ,  a b r i e f  d e s c r i p t i o n  o f  e a c h  o f  th e s e  
c l i n i c a l  syndrom es i s  g iv e n  a t  t h i s  p o in t*
A cu te  h a em o rrh ag ic  n e p h r i t i s  i s  a d i s e a s e  
c h a r a c t e r i s e d  by a  sudden  o n s e t ,  o f t e n  two to  th r e e  weeks 
a f t e r  a  s t r e p to c o c c a l  i n f e c t i o n ,  w i th  c o n s t i t u t i o n a l  
symptoms su c h  a s  f e v e r ,  h e a d a c h e , v o m itin g , a n o re x ia  and  
som etim es p a in  i n  th e  lo in s *  T here  i s  a s l i g h t  o r  m o d era te  
d e g re e  o f  oedema a t  th e  b e g in n in g  o f  th e  i l l n e s s  and  a t  th e  
same tim e  th e  b lo o d  p r e s s u r e  i s  m o d e ra te ly  r a is e d *  T here  i s  
a m ild  a z o ta e m ia  e a r l y  i n  th e  d i s e a s e  and  th e  u r in e  i s  
d im in is h e d  i n  volume and  c o n ta in s  a lb u m in , b lo o d , and  
h y a l i n e , /
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h y a l in e ,  g r a n u la r ,  an d  b lo o d  c a s ts *  R ecovery  i s  u s u a l ly  
r a p i d  and  a l l  b u t  one c a se  i n  t h i s  g ro u p  had  re c o v e re d  
w i th in  th r e e  m onths* The s i n g l e  e x c e p t io n  d id  n o t  r e c o v e r  
fro m  th e  a lb u m in u r ia  f o r  se v e n  m onths*
C h ro n ic  h aem o rrh ag ic  n e p h r i t i s  i s  th e  s e q u e l  to  an  
a c u te  h a em o rrh ag ic  n e p h r i t i s  w h ich  has n o t p ro c e e d e d  to  
rec o v e ry *  I n  th e s e  p a t i e n t s  th e r e  i s  a c l e a r  h i s t o r y  o f  
an  i n i t i a l  a t t a c k  o f  a c u te  n e p h r i t i s  f o l lo w in g  w h ich  th e  
c h i l d  was n e v e r  p e r f e c t l y  w e ll*  The a lb u m in u r ia  c o n tin u e s  
and  e x a c e r b a t io n s  o c c u r  fro m  tim e  to  tim e* T here  i s  a more 
o r  l e s s  c o n tin u o u s  m o d era te  h y p e rp ie s ia  ra n g in g  fro m  
120 uni* Gg* to  140 mm* Hg*, a m o d era te  b u t  i n c r e a s in g  
a z o ta e m ia , an d  oedema w h ich  v a r i e s  i n  am ount fro m  tim e to  
t im e  and  i s  o f t e n  a b sen t*  The u r in e  c o n ta in s  a lb u m in , 
r e d  c e l l s  and  c a s ts *
N e p h ro s c le ro s is  d i f f e r s  from  th e s e  d i s e a s e s  i n  t h a t  
th e  o n s e t  i s  i n s i d i o u s ,  th e r e  i s  n e i t h e r  h a e m a tu r ia  n o r 
oedema a n d  th e  s y s t o l i c  b lo o d  p r e s s u r e  i s  much h ig h e r*  
A tta c k s  o f  h ead a ch e , v o m itin g  and  c o n v u ls io n s  o c c u r  and 
th e r e  a r e  r e t i n a l  haem orrhages and  u l t im a te ly  p ap illo ed e raa*  
The u r in e  c o n ta in s  a t r a c e  o f  a lb u m in  b u t u s u a l ly  no r e d  
c e l l s  o r  c a s t s  and  i s  o f t e n  in o r e a s e d  i n  volume* T here  i s  
m o d era te  o r  s e v e re  azo taem ia*
The c a s e s  o f  r e n a l  d w arfism  a r e  in c lu d e d  i n  t h i s  
g roup  th o u g h  th e y  have w e l l  known c h a r a c t e r i s t i c s  p e c u l i a r  
to  th e m se lv e s  and  d i f f e r  i n  a number o f  ways fro m  th e  
o r d in a r y /
o r d in a r y  ty p e  o f  n e p h ro s c le ro s is *  W ith  th e  e x c e p tio n  o f  
th e  r e n a l  d w a r fs , a l l  th e  p a t i e n t s  i n  t h i s  g roup  had a t  one 
tim e  o r  a n o th e r  a s y s t o l i c  b lo o d  p r e s s u r e  o v e r  200  mm*Hg* 
and  a l l  had  w e l l  m arked  n e u r o - r e t i n i t i s  an d  r e t i n a l  
haem orrhages*
The in t r o d u c t i o n  o f  n e p h ro t ic  n e p h r i t i s  a s  a 
s e p a r a te  g ro u p  i n  t h i s  s e r i e s  i s  c o n s id e re d  q u i te  e s s e n t i a l  
t o  th e  i n t e r p r e t a t i o n  o f th e  r e s u l t s  to  be d e sc r ib e d *  
H ow ever, i t  i s  r e c o g n is e d  t h a t  many a u t h o r i t i e s  d o u b t th e  
s p e c i f i c  n a tu r e  o f  t h i s  d i s e a s e  and  c o n s id e r  t h a t  i t  i s  an  
oedem atous s t a g e  o f  su b a c u te  o r  c h ro n ic  h a em o rrh ag ic  
n e p h r i t i s *  The d i s e a s e  i s  i n s i d io u s  i n  o n s e t  w i th  m a ss iv e  
oedema and  s e v e re  a lb u m in u r ia  a s  p ro m in e n t f e a tu r e s *  T here  
i s  no h a e m a tu r ia ,  no a z o ta e m ia , and  th e  b lo o d  p r e s s u r e  i s  
norm al* The serum  p r o t e i n s  a r e  v e ry  low  (w ith  r e v e r s a l  
o f  th e  a lb u m in -g lo b u l in  r a t i o )  and  th e  b lo o d  c h o le s t e r o l  
i s  o f t e n  much in c re a s e d *  W hile  oedema i s  in c r e a s in g  th e r e  
i s  m a la is e ,  b ack ach e  and o l ig u r i a *  T here  i s  a s t r i k i n g  
s u s c e p t i b i l i t y  t o  a c u te  p y o g e n ic  in f e c t io n s *
The r o u t in e  a d o p te d  i n  th e  i n v e s t i g a t i o n  o f  e ac h  
c a se  f o r  th e  p u rp o s e s  o f  t h i s  s tu d y  fo l lo w e d  th e  same 
p a t t e r n  th o u g h  th e  f re q u e n c y  o f  e x a m in a tio n  an d  c e r t a i n  
o th e r  d e t a i l s  w ere m o d if ie d  a t  t im e s  to  s u i t  s p e c i a l  
p u rp o ses*
I n  th e  f i r s t  p l a c e ,  a g e n e ra l  e x a m in a tio n  o f  a l l
t h e /
7 .
th e  sy s te m s  was c a r r i e d  o u t  and  th e  d ia g n o s is  and  
c l a s s i f i c a t i o n  o f  n e p h r i t i s  e s t a b l i s h e d  on th e  u s u a l  l in e s *  
The s p e c i a l  e x a m in a tio n s  r e l a t i n g  to  th e  b lo o d  w ere  commenced 
a s  so o n  a s  p o s s ib l e  a f t e r  th e  p a t i e n t  was a d m it te d  to  
H o s p i t a l  an d  c o n s i s t e d  o f  th e  fo l lo w in g  ro u t in e *  A r e d  
c e l l  c o u n t,  l e u c o c y te  c o u n t and haem o g lo b in  e s t im a t io n  was 
made on c a p i l l a r y  b lo o d ;  a  r e t i c u l o c y t e  c o u n t and  a 
d i f f e r e n t i a l  w h ite  c e l l  c o u n t w ere made; th e  b lo o d  p r e s s u r e  
was ta k e n ,  th e  w e ig h t n o te d  and  th e  d e g re e  o f  oedema 
r e c o r d e d  by e m p i r ic a l  s ig n s  (R e n n ie }1933)* A 10 c .c *
sam ple  o f  b lo o d  was w ith d raw n  fro m  one o f  th e  elbow v e in s  
w i th  a s  l i t t l e  venous engorgem ent a s  p o s s i b l e ;  7 o r  8 c*c* 
o f  th e  b lo o d  w ere added  to  2 c*c* o f  1*1#  i s o t o n i c  n e u t r a l  
p o ta s s iu m  o x a la t e ,  2 c . c .  added  to  a l i t t l e  pow dered 
o x a la t e ,  and  th e  re m a in d e r  a llo w e d  to  c lo t*  On th e  sam ple 
o f  b lo o d  added  to  pow dered  o x a la t e ,  r e d  c e l l  and  w h ite  c e l l  
c o u n ts  and  haem og lob in  e s t im a t io n s  w ere made f o r  co m parison  
w i th  th e  r e s u l t s  o b ta in e d  a t  th e  same tim e  w ith  c a p i l l a r y  
b lood* U sing  th e  re m a in d e r  o f  th e  b lo o d , e s t im a t io n  o f  
th e  n o n - p r o te in  n i t r o g e n ,  b lo o d  and p lasm a c h lo r i d e s ,  
h a e m a to c r i t  r e d  c e l l  volum e and  serum  p r o t e i n ,  and  th e  Van 
den  B ergh  r e a c t i o n  w ere c a r r i e d  out*
A tw e n ty - fo u r  h o u r c o l l e c t i o n  o f u r in e  was made 
commencing on th e  day o f  th e  b lo o d  e x a m in a tio n  and  e n d in g  on 
th e  f o l lo w in g  day* The q u a n t i t y  and s p e c i f i c  g r a v i t y  o f  
th e  u r in e  was m easu red  and a q u a n t i t a t i v e  e s t im a t io n  o f  th e  
a lb u m in ,/
a lb u m in , b lo o d , and  c h lo r id e  p r e s e n t  was m ade, and  a 
sp ec im en  was t e s t e d  f o r  th e  p re s e n c e  o f  e x c e s s iv e  u r o b i l in *  
I n  d o in g  b lo o d  c o u n ts ,  c e r t a i n  d e t a i l s  o f  te c h n iq u e  w ere 
c a r r i e d  o u t i n  o r d e r  to  e n su re  th e  g r e a t e s t  d e g re e  o f  
acc u ra c y *  The p a r t s  o f  th e  body u s u a l ly  u se d  f o r  
o b ta in in g  b lo o d  a r e  th e  lo b e  o f  th e  e a r ,  th e  p u lp  o f  th e  
f i n g e r ,  and  i n  i n f a n t s  th e  h e e l ,  and  th e  s e l e c t e d  p a r t  may 
be  g e n t ly  c le a n e d  w i th  m e th y la te d  s p i r i t  a v o id in g  any b r i s k  
ru b b in g  o r  sq u e ez in g *  A H agendorn n e e d le  i s  p lu n g e d  
s h a r p ly  i n to  th e  t i s s u e s  and  w ithdraw n* The f i r s t  d rop  o f  
b lo o d  i s  w iped  o f f  and  sam p les  ta k e n  fro m  s u b s e q u e n t d rops*  
A l l  th e s e  p r e c a u t io n s  w ere o b se rv e d  i n  th e  p r e s e n t  
i n v e s t i g a t i o n  and  th e  lo b e  o f  th e  e a r  was u se d  i n  e a c h  case*  
F o r  e a c h  c o u n t, two r e d  c e l l  p i p e t t e s  w ere f i l l e d ,  one w h ite  
c e l l  p i p e t t e ,  and  th e  h aem og lob inom eter p ip e t t e *  L e i tz  
s t a n d a r d  haem ocy tom eter p i p e t t e s  w ere u se d  and th e  c o u n ts  
w ere done on a Z e is s  c o u n tin g  cham ber w ith  im proved  
N eubauer ru l in g *  The haem og lob inom eter was o f  th e  H aldane  
ty p e  an d  was m a n u fa c tu re d  by M essrs*  H aw ksley & Co*, o f  
London, who c h eck ed  th e  a c c u ra c y  o f  th e  c o lo u r  b e fo r e  th e  
commencement o f  th e  e x p e rim e n ts*  100/  on th e  in s t ru m e n t  
was e q u iv a le n t  to  13*8 gram s o f  H aem oglobin  %. I n  m aking 
th e  c o u n ts  th e  r e d  c e l l  p i p e t t e s  w ere sh ak en  by hand so  a s  
to  m ix t h e i r  c o n te n ts  th o ro u g h ly  and  ab o u t a t h i r d  o f  th e  
c o n te n ts  o f  e a c h  was a llo w e d  to  flow  o u t by g r a v i ty  b e fo re  
p u t t i n g /
p u t t i n g  a d ro p  u n d e r  th e  c o v e r s l i p  f o r  co u n tin g *  The 
a v e ra g e  o f  th e  c o u n t fro m  e a c h  p i p e t t e  was ta k e n  a s  th e  
c o r r e c t  r e s u l t  b u t  i f  th e  two c o u n ts  d id  n o t a g re e  w i th in
2 0 0 ,0 0 0  r e d  b lo o d  c e l l s  p e r  c*mm* th e y  w ere r e j e c t e d  an d  th e  
e n t i r e  p ro c e s s  re p e a te d *  A s i n g l e  w h ite  c e l l  p i p e t t e  was 
f i l l e d  and  a d u p l i c a t e  co u n t done fro m  i t *  H aem oglobin  
was e s t im a te d  by H a ld a n e 's  m ethod i n  w hich  oxyhaem oglob in  
i s  c o n v e r te d  to  c a rb o x y  haem og lob in  by c o a l  gas* R e t i c u lo ­
c y te s  w ere c o u n te d  i n  f i lm s  s t a i n e d  w ith  b r i l l i a n t  c r e s y l  
b lu e  and  th e  d i f f e r e n t i a l  w h ite  c e l l  c o u n ts  w ere made on 
f i lm s  s t a i n e d  w i th  L e ish m a n 's  s ta in *
The h a e m a to c r i t  p a ck e d  c e l l  volum e was d e te rm in e d  
by a d d in g  7 o r  8 c .c *  o f  b lo o d  to  2 c*c* o f  1*1#  n e u t r a l  
p o ta s s iu m  o x a la te  (G ra f f  & C la r k ,  1931) a 15 c .c*  
g ra d u a te d  c e n t r i f u g e  tu b e  and  c e n t r i f u g a l i s a t i o n  a t  2 ,5 0 0  
r e v o lu t io n s  p e r  m in u te  f o r  t h i r t y  m inu tes*  The e x p e r im e n ta l  
e v id e n c e  upon w h ich  m ost o f  th e s e  t e c h n ic a l  r e f in e m e n ts  a r e  
b a s e d  h as  b e en  p ro v id e d  by th e  w ork o f  W in trobe  (1934)*
The n o n - p r o te in  n i t r o g e n  e s t im a t io n s  w ere done on 
0*2 c*c* o f  b lo o d  by a m ic ro -K e ld h a l  m ethod ( F o l in  &
S v ed b e rg , 1930)* The p r o t e i n s  w ere rem oved by s u lp h a te  
t u n g s t a t e  and  s u lp h u r ic  a c id ,  p h o sp h o r ic  a c i d ,  and  c o p p e r 
su lp h a te *  The n o n - p r o te in  n i t r o g e n  was e s t im a te d  
c o l o r i m e t r i c a l l y  a f t e r  H e s s l e r i s a t i o n  a g a in s t  a known 
s ta n d a r d  s o l u t i o n  o f  ammonium su lp h a te *
T h e /
The c h lo r id e  c o n te n t  o f  1 c .c *  o f  b lo o d  o r  p lasm a 
was e s t im a te d  by  W h iteh o rn s  m o d i f ic a t io n  o f  th e  V o l lh a rd  
t i t r a t i o n  m ethod  (v an  S ly k e ,1 9 2 4 )*  1 c .c *  o f  s i l v e r
n i t r a t e  was added  to  p r e c i p i t a t e  th e  c h lo r id e  and  10 c .c *  o f  
n i t r i c  a c i d  to  d i g e s t  th e  f i b r i n *  A f t e r  4  h o u rs  on th e  
h o t p l a t e ,  th e  c h lo r id e  c o n te n t  o f  th e  f l u i d  was c a l c u l a t e d  
by  t i t r a t i o n  w ith  p o ta s s iu m  su lp h o c y a n id e *
The i n d i r e c t  Van den  B ergh  t e s t  was u se d  (Van den 
B e rg h >1924)* The t o t a l  serum  p r o t e i n  was e s t im a te d  by th e  
d ip p in g  r e f r a c to m e te r*
The amount o f  a lb u m in  i n  th e  u r in e  was e s t im a te d  
by  th e  s ta n d a r d  E sbach  method*
The u r o b i l i n  an d  u r o b i l in o g e n  c o n te n t  o f  th e  u r in e  
was e s t im a te d  by s c h l e s i n g e r 's  f lu o r e s c e n c e  t e s t  (H a r r is o n , 
1930) and  by  W alla ce  & D iam ond 's  (1925) m o d i f ic a t io n  o f  
E h r l i c h 's  a ld e h y d e  r e a c t io n *
The d e g re e  o f  h a e m a tu r ia  was e s t im a te d  by d o in g  
d u p l ic a t e  r e d  c e l l  c o u n ts  on c a r e f u l l y  m ixed  24 h ou r 
spec im en s o f  u r in e *  The number o f  c e l l s  i n  one c u b ic  
m i l l im e t r e  o f  u r in e  was c o u n te d  and  th e  r e s u l t  m u l t i p l i e d  
by th e  volum e o f  u r in e  i n  c u b ic  m i l l im e t r e s  ( s e e  F a r t  4  o f  
t h i s  t h e s i s ) *
I n  a d d i t i o n  to  th e s e  r o u t in e  t e s t s  a num ber o f  o th e r  
m ethods o f  s tu d y  w ere u se d  f o r  p a r t i c u l a r  p u rp o se s  and  th e s e  
a r e  d e s c r ib e d  i n  th e  s e c t io n s  to  w hich  th e y  app ly*
PART I*
THE EFFECT OF OEDEMA OH THE ACCURACY OF RED CELL COUNTS 
DOME ON CAPILLART BLOOD*
By f o l lo w in g  a c a r e f u l  p ro c e d u re  i n  b lo o d  
e x a m in a t io n , an  e n d eav o u r h a s  b e en  made to  e l im in a te  
e r r o r  o f  te c h n iq u e  a s  f a r  a s  p o s s ib l e  b u t  th e r e  rem a in s  
a  p o t e n t i a l  s o u rc e  o f  e r r o r  d e p e n d e n t on th e  w a te r lo g g e d  
s t a t e  o f  some o f  th e  p a t i e n t s '  t i s s u e s  w h ich , i t  was 
th o u g h t ,  m ig h t l e a d  to  f a l l a c i o u s  r e s u l t s *  When w ith ­
d raw in g  b lo o d  by  s k in  p u n c tu re  i n  oedem atous p a t i e n t s ,  
i t  i s  p o s s ib l e  t h a t  th e r e  may be  an a r t i f i c i a l  d i l u t i o n  
o f  th e  b lo o d  by a d m ix tu re  w i th  f l u i d  fro m  th e  oedem atous 
t i s s u e s *  I n  o r d e r  to  d e te rm in e  w h e th e r  t h i s  i n  f a c t  d id  
o c c u r ,  r e d  c e l l  c o u n ts  w ere done s im u lta n e o u s ly  on b lo o d  
o b ta in e d  fro m  a n e e d le  p u n c tu re  o f  th e  lo b e  o f  th e  e a r  
an d  on b lo o d  w ith d raw n  fro m  an  arm  vein*  The venous 
sam ple  was o b ta in e d  w ith  a s  l i t t l e  s t a s i s  a s  p o s s ib l e ,  
th o u g h  i n  some v e ry  oedem atous c h i ld r e n  a c o n s id e r a b le  
amount o f  venous engorgem ent was r e q u i r e d  i n  o r d e r  to  f i n d  
a v e in  and  p u t  th e  n e e d le  i n t o  i t *  The b lo o d  h a v in g  been  
w ith d raw n  i n  a  s y r in g e ,  a b o u t 2 c .c *  was t r a n s f e r r e d  to  a 
s m a ll  g l a s s  tu b e  c o n ta in in g  a l i t t l e  pow dered o x a la te  and  
th e n  c a r e f u l l y  b u t  th o ro u g h ly  m ixed  and  u se d  im n e d ia te ly  
f o r  c e l l  coun ts*
E ig h t y - t h r e e /
E ig h ty - th r e e  o f  th e s e  d u p l i c a t e  c o u n ts ,  c a p i l l a r y  
and  v e n o u s , w ere done on t h i r t e e n  s u b je c ts *  T h i r ty - n in e  o f 
th e  c o u n ts  w ere done a t  a  tim e  when th e  p a t i e n t s  had  no 
oedema a s  shown by th e  a b se n c e  o f  p u t t i n g  on p r e s s u r e ,  o r  
p u f f i n e s s  o f  th e  f a c e ,  and by a s t a t i o n e r y  w eigh t*  F o r ty -  
f o u r  w ere done d u r in g  a p h a se  o f  oedema w h ich  v a r i e d  i n  
d e g re e  from  s im p le  p u t t i n g  on p r e s s u r e  o v e r th e  s h in s  to  
g r o s s  a n a s a r c a .  The r e s u l t s  o b ta in e d  (T a b le s  1 and  2) 
show t h a t  i n  th e  non-oedem atous g roup  th e  c a p i l l a r y  b lo o d  i s
159 .000  (±2 5 , 0 0 0 ) r e d  b lo o d  c e l l s  p e r  c*mm* more c o n c e n tra te d  
th a n  th e  venous b lood*  I f  e x c e s s iv e  t i s s u e  f l u i d  p ro d u c e s  
d i l u t i o n  o f  c a p i l l a r y  b lo o d  d u r in g  i t s  c o l l e c t i o n ,  th e n  th e  
in c r e a s e d  r e d  c e l l  c o n c e n t r a t io n  o f  th e  c a p i l l a r y  b lo o d  i n  
th e  oedem atous g ro u p  sh o u ld  b e  l e s s  th a n  159 ,000  p e r  c.rara*
The f i g u r e s  i n  T a b le  1 r e v e a l  t h a t  th e  mean d i f f e r e n c e  i n  
th e  oedem atous g roup  i s  in d e e d  l e s s  th a n  159 , 000 , nam ely,
5 9 .0 0 0  (±  3 8 ,0 0 0 )  r e d  b lo o d  c e l l s  p e r  c*mra* T h a t i s  to  
s a y ,  th e  p re s e n c e  o f  oedema h a s ,  on th e  a v e ra g e , p ro d u ced  a 
f a l s e  d i l u t i o n  o f  100 ,000  r e d  b lo o d  c e l l s  p e r  c*mm* and i t  
rem a in s  to  c a l c u l a t e  w h e th e r  su c h  a f i g u r e  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t *  To be  s i g n i f i c a n t ,  th e  d im in u tio n  i n  
c o n c e n t r a t io n  o f  c a p i l l a r y  b lo o d  s h o u ld  be more th a n  tw ic e  
th e  s ta n d a r d  e r r o r  o f  th e  d i f f e r e n c e  be tw een  th e  mean 
d i f f e r e n c e s  w h ich  i s  46 ,000*  T h is  p ro v ed  to  be  th e  c ase  i n  
th e  p r e s e n t  in s ta n c e *






C a p i l l a r y  Venous 
B lo o d . B lood .
C a p i l l a r y
B lo o d .
V enous
B lo o d .
A verages 
4 .1 6 4  4*105
3 .8 1 0 3 .6 4 0 2 .4 6 0 2 .5 9 5
3 .6 2 5 3 .  580 4 .  760 4 .7 4 0
3 .5 3 0 3 .5 5 0 4 . 4 OO 4 .2 2 5
3 .2 1 0 3 .2 5 0 4 .4 2 5 4 .1 8 0
2 .9 8 0 2 .9 2 0 4 .5 2 5 4 .1 8 5
3 .3 8 5 3 .2 4 5 2 .9 7 0 2 .8 7 5
3 .2 7 0 3 .2 5 0 3 .3 1 5 3 .3 5 0
3 .5 3 0 3 .8 1 0 4 .0 2 5 4 .0 0 0
3 .8 2 4 3 .1 5 5 5 .0 2 0 4 .9 6 5
3 .0 0 0 2 .8 5 5 4 .6 5 0 4 .3 2 5
3 .1 8 0 3*165 4 .6 6 5 4 .6 3 0
5 .4 9 5 5 .2 0 5 4 .7 0 0 4 .2 7 5
4 .9 1 0 4 .7 7 5 4*410 4 .1 4 0
5 .1 2 0 5 .4 2 5 4 .4 2 5 4 .5 0 5
4 .7 5 0 5 .2 2 5 3 . 990 3 .8 2 0
4*690 4 .8 5 5 3 .7 4 0 3 .5 0 0
4 .7 5 5 4 .3 2 0 4 .O 6O 4 .  080
5 .1 3 5 4 .8 2 0 4 .2 1 0 3 .5 8 5
5 .0 0 5 5 .0 9 0 4 .  065 3 .9 1 5
5 .1 8 0 4 .9 3 0 3 .5 2 0 3 .5 4 0
5 .1 3 5 5 .3 3 5 3 .9 6 5 3 .4 2 5
4 .8 2 0 5 .0 1 0 3 .8 2 5 3 .7 7 0
6 .1 8 5 5*860 3 .8 6 5 3 .4 0 0
4 .7 1 5 4 .9 2 5 3 .6 3 0 3 .5 0 0
4 .0 9 0 4 .2 7 5 3 .7 0 0 3 .8 7 5
4 .0 8 5 3 .9 9 5 3 .7 3 0 3 .8 1 0
4 .1 1 0 4 .1 6 0 3 . 760 3 .5 1 0
4 .6 8 5 4 .3 3 0 3 .8 7 5 4 .0 1 0
3 . 380 3 .1 5 0 3 .7 1 0 3 .6 7 0
3 .7 3 5 4 .1 3 5 4 .1 0 7 4 .1 0 0
4*785 4 .8 7 5 4 .0 1 0 3 . 580
4 .6 5 0 4 .1 9 0 3 .8 1 0 3 .7 2 0
3 .6 6 5 3 .5 3 0 3 .7 3 0 3 .6 0 0
3 .6 8 0 3 .6 1 0 4 .3 3 0 4 .3 8 5
3 .9 4 0 3 .6 5 0 3 .9 5 5 4 .0 3 0
3*445 3 .  280 3 .8 0 0 3 .5 2 5
3 .6 8 0 3 .4 0 0 3 .6 5 5 3 .6 3 0
4 .0 1 0 3 .7 2 0 3*965 3 .8 1 0
4 .0 5 5 4 .3 4 0 3 .8 7 5 3*685
4 .7 7 5
3 .5 8 5
3 .4 4 0
5 .2 5 5
3 .7 3 5
3 .4 9 0
A v erag es  
3 .991  3 .8 3 2
4 .1 3 0 3 .4 8 5
4*480 3 .  880
The i n d i v i d u a l  c e l l  
c o u n ts  done on c a p i l l a r y  
and  venous b lo o d  i n  
oedem atous and  non- 
oedema to  us in d iv id u a ls *
F ig u r e s  a r e  m i l l io n s  o f  
R .B .C . p e r  c*ml*
1* The s ta n d a r d  e r r o r  o f  
th e  d i f f e r e n c e  be tw een  
th e  mean d i f f e r e n c e s  & 
46 , 000.
2* The in c r e a s e d  
c o n c e n t r a t io n  i n  th e  
c a p i l l a r y  b lo o d  i n  th e  
oedem atous g roup  i s  
1 0 0 ,0 0 0  l e s s  th a n  i n  
th e  non-oedem atous 
g roup  and  i s  t h e r e f o r e  
s t a t i s t i c a l l y  s ig n if ic a n t«
(±  25 , 000 ) (s .D . 155 , 0 0 0 )
mean d i f f e r e n c e  5 9 ,0 0 0 (^ 3 8 ,0 0 0 )
(S .D . 2 5 4 ,0 0 0 )
TABLE 2 .
AVERAGES OBTAINED OF EIGHTY-THREE DUPLICATED 
ELO'&D ' CbUM’f e "  W  VENOUS AMD CAPILLARY BLOCS 





C a p i l l a r y  b lo o d  
R*B.C. p e r  c*mm*
Venous b lo o d  
ReB.Ce p e r  c*ram*
C a p i l l a r y  b lo o d  
RaBeCe p e r  CeimTl*
Venous b lo o d  
R.BeC. p e r  c.ram.
4 ,1 6 ^ ,0 0 0 4 , 1 05 ,000 3 ,9 9 1 ,0 0 0 3 , 8 32 ,000
Mean d i f f e r e n c e  . . .  5 9 ,0 0 0  
S ta n d a rd  e r r o r  • • •  ±  3 8 ,0 0 0  
S ta n d a rd
d e v ia t i o n  • • •  2 54 ,0 0 0
Mean d i f f e r e n c e  • • •  159 ,000  
S ta n d a rd  e r r o r  • • •  ±  25 ,000  
S ta n d a rd
d e v ia t i o n  155 ,000
S ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  b e tv e e n  th e  mean d i f f e r e n c e s :
46,000.
T h is  d i f f e r e n c e  i n  th e  c o u n ts  i n  th e  two g ro u p s i s  
c a p a b le  o f  two e x p la n a t io n s *  The d im in u t io n  i n  th e  
r e l a t i v e  c o n c e n t r a t i o n  o f  th e  c a p i l l a i y  b lo o d  i n  th e  
oedem atous g roup  may be due to  d i l u t i o n  o f  th e  b lo o d  
f lo w in g  fro m  th e  p u n c tu re d  lo b e  o f  th e  e a r  by e x c e s s iv e  
t i s s u e  f l u id *  On th e  o t h e r  hand , th e  e x t r a  c o n g e s t io n  o f  
th e  v e in s  n e c e s s a ry  to  s e c u re  a sam ple  o f  venous b lo o d  i n  
an  oedem atous s u b j e c t  may p ro d u c e  some c o n c e n t r a t io n  o f  th e  
b lo o d  i n  th e  v e in s*  I t  i s  im p o s s ib le  to  sa y  w hich  o f  
th e s e  p r o c e s s e s  I s  p re d o m in a n t an d , a lm o s t c e r t a i n l y  b o th  
c o n t r ib u te  so m e th in g  to  th e  r e s u l t*  I f  th e  f i r s t  
s u g g e s t io n  i s  c o r r e c t  i t  w ou ld  be p r e f e r a b l e  to  do a l l  
b lo o d  c o u n ts  on venous b lo o d  when s tu d y in g  anaem ia i n  
n e p h r i t i s *  B ut th e  a c c u ra c y  o f  i n d iv i d u a l  c o u n ts  m ust 
a l s o  b e  c o n s id e re d  s in c e  i t  i s  w i th  i n d iv i d u a l  c o u n ts ,  
d u r in g  oedema and  a f t e r  i t  h as  s u b s id e d , t h a t  th e  o b s e rv a tio n s  j 
on th e  d e g re e  o f  anaem ia  o f  a p a t i e n t  w i l l  be ju d g ed  
s u b s e q u e n tly *  E x a m in a tio n  o f  th e  i n d iv i d u a l  c o u n ts  shows 
t h a t  th e  venous c o u n ts  on any one s u b j e c t  have a much 
w id e r  w e ek -to -w eek  v a r i a t i o n  th a n  have th e  c a p i l l a r y  co u n ts*  
T h is  i s  shown i n  T ab le  1 w here th e  s ta n d a r d  d e v ia t io n  o f  
th e  d i f f e r e n c e s  i n  th e  oedem atous g roup  ( 254 ,o o o )  i s  
c o n s id e r a b ly  l a r g e r  th a n  t h a t  i n  th e  non-oedem atous g roup  
(155, 000).
From th e s e  r e s u l t s  i t  a p p e a rs  t h a t  i n  th e  p re s e n c e  
o f  oedem a, b lo o d  c o u n ts  made e i t h e r  from  c a p i l l a r y  o r  
v e n o u s /  I
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venous b lo o d  a r e  s u b j e c t  to  an  u n a v o id a b le  e x p e r im e n ta l  
e r r o r *  I n  tb e  fo rm e r  th e r e  i s  some d e g re e  o f  d i lu t i o n *  
i n  th e  l a t t e r *  o f  c o n c e n tr a t io n *  I n  n e i t h e r  case*  
however* i s  th e  e r r o r  g re a t*  and  i n  view  o f  th e  f a c t  
t h a t  c a p i l l a r y  b lo o d  i s  much more e a s i l y  o b ta in e d  and  
show s l e s s  v a r i a b i l i t y  th a n  venous* a l l  su b se q u e n t c o u n ts  
have b e en  made fro m  b lo o d  o b ta in e d  by s k in  p u n c tu re  a lo n e*  
I t  m u s t, however* be  b o rn e  i n  m ind t h a t  i n  c a p i l l a r y  
b lo o d  co u n ts*  oedema may p ro d u ce  a f a l s e  lo w e rin g  o f  th e  
r e d  c e l l  c o u n t by a b o u t 100*000  r e d  b lo o d  c e l l s  p e r  c*mm• 
an d  a p r o p o r t io n a te  ( 2*5$ )  r e d u c t io n  i n  haem og lob in  and  
o th e r  b lo o d  c o n s t i tu e n t s *
PART I I ,
THE EFEECT OP OEDEMA ON THE CONCENTRATION OP REP CELLS
IN THE BLOOD STREAM*
The p o s s i b i l i t y  t h a t  oedema o f  th e  body t i s s u e s  may 
a l s o  in v o lv e  th e  b lo o d - s t r e a m  and  r e s u l t  i n  an  a p p a re n t  
anaem ia  due to  hyd raem ia  h as b een  c o n s id e r e d  by a number 
o f  a u t h o r i t i e s *  G-rawitz (1911) was th e  f i r s t  to  s u g g e s t  
t h a t  anaem ia i n  n e p h r i t i s  was due to  a s im p le  hydraem ic  
p l e t h o r a  b u t  he fo u n d  i t  o n ly  i n  c a s e s  o f  c h ro n ic  n e p h r i t i s  
w i th  c o n g e s t iv e  h e a r t  f a i l u r e  and  th e r e f o r e  h i s  h y p o th e s is  
c a n n o t a p p ly  to  th e  common ty p e s  o f  oedem atous n e p h r i t i s  
i n  c h i l d r e n ,  nam ely , a c u te  h a em o rrh ag ic  n e p h r i t i s  and  
n e p h ro t ic  n e p h r i t i s ,  i n  n e i t h e r  o f  w h ich  does c o n g e s t iv e  
h e a r t  f a i l u r e  commonly occur*  T h u r s f i e ld  (1934) o b se rv e d  
t h a t  a c u te  n e p h r i t i s  w i th  oedema was o f t e n  accom panied  
by  a m arked  anaem ia an d  c o n s id e re d  t h a t  t h i s  was more 
a p p a r e n t  th a n  r e a l  a s  i t  was i n  a l l  p r o b a b i l i t y  due to  
oedema o f  th e  b lood*
M cClure an d  h i s  c o -w o rk e rs  (1933) made a d e t a i l e d  
s tu d y  o f  th e  r e d  c e l l  c o u n t o f  c a p i l l a r y  b lo o d  i n  n e p h ro t ic  
n e p h r i t i s  d u r in g  p h a s e s  when oedema was in c r e a s in g ,  
s t a t i o n e r y ,  and  s u b s id in g *  They fo u n d  t h a t  a s  oedema 
in c r e a s e d ,  th e  r e d  c e l l  c o u n t, h aem og lob in , and  p ack ed  c e l l  
volum e r o s e ;  when oedema was s t a t i o n e r y  th e  c o u n ts  and  
h a e m a to c r i t  r e a d in g s  d e c re a s e d  and  when oedema was s u b s id in g  
a n d /
an d  th e r e  was w e l l  m arked d i u r e s i s  th e  c o u n ts  and  
h a e m a to c r i t  r e a d in g s  c o n tin u e d  to  f a l l  u n t i l  th e y  re a c h e d  
t h e i r  o r i g i n a l  le v e l*  They c o n s id e r e d  t h a t  th e s e  changes 
m ig h t b e  e x p la in e d  by movement o f  f l u i d  fro m  th e  b lo o d  to  
th e  t i s s u e s  d u r in g  th e  p e r io d  o f  i n c r e a s in g  oedema w h ile  
d u r in g  l e s s e n in g  oedem a, f l u i d  r e tu r n e d  fro m  th e  t i s s u e s  
to  th e  b lo o d  and  th e y  co n c lu d ed  t h a t  i n  th e  n e p h ro t ic  
syndrom e th e  f a u l t  l i e s  i n  th e  t i s s u e s  r a t h e r  th a n  i n  
f a i l u r e  o f  th e  k id n e y s  to  e x c r e te  w ater*  I n  o r d e r  to  
f i n d  o u t  w h e th e r  t h e r e  was any  r e l a t i o n s h i p  be tw een  th e  
r e d  c e l l  c o u n t and  th e  s ta g e  o f  th e  d is e a s e  i n  th e  p a t i e n t s  
u n d e r  i n v e s t i g a t i o n ,  a  co m p ariso n  was made be tw een  th e  
r e s u l t s  o b ta in e d  a t  t h r e e  d i f f e r e n t  s ta g e s  i n  p a t i e n t s  w i th  
a c u te  n e p h r i t i s  and  oedema and  i n  th o s e  w ith  n e p h ro t ic  
n e p h r i t i s *
I n  th e  fo rm e r  g roup  o f  tw e lv e  p a t i e n t s  (T ab le  3 ) 
th e  r e d  c e l l  co u n t i s  re c o rd e d :
( 1 ) when th e  p a t i e n t  had w e l l  m arked oedem a, shown 
by p i t t i n g  on p r e s s u r e  and  s u b s e q u e n tly  by a 
s h a rp  f a l l  i n  w e ig h t:
( 2 ) w henever p i t t i n g  oedema d is a p p e a re d  and  
d i u r e s i s  was w e l l  m arked , and
(3 ) some 4  o r  5 w eeks l a t e r  when w a te r  b a la n c e  was 
r e - e s t a b l i s h e d  and  th e r e  was no oedema and  no 
d iu r e s i s *
TABLE 3 * /
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Red c e l l s  p e r  c*mn*
No* Name*
Oedema 
+ o r  ++
f i r s t  r e c o r d  
when d o  oedema 
d i u r e s i s  + +
4  t o  5 w eeks 
l a t e r  no oedema 
no d i u r e s i s
1 E* • • • 4 ,3 3 5 ,0 0 0 5 , 160 ,0 0 0 I r r e g .  D is m is s a l
2 A* J* • •  • 4 * 0 2 5 ,0 0 0 5 , 1 3 0 ,0 0 0 4 , 01 0 ,0 0 0
3 E.R* • • • 4 , 7 5 5 ,0 0 0 5 , 115 ,000 4 , 4 4 0 ,0 0 0
k W .3. • • • 4 *205 ,0 0 0 4 ,6 3 5 ,0 0 0 4 ,3 2 5 ,0 0 0
5 R.M* • • • 3 ,9 8 5 ,0 0 0 4 ,3 7 5 ,0 0 0 -
6 M*W. • • • 3 ,7 3 0 ,0 0 0 4 , 0 6 5 ,0 0 0 -
7 G-. 0 * • • • 3 ,6 6 0 ,0 0 0 4 ,3 1 5 ,0 0 0 4 , 000 ,0 0 0
8 E* G* • • • 4 , 265 ,000 5 ,4 5 5 ,0 0 0 4 , 7 7 0 ,0 0 0
9 M*M* • • • 3 ,9 8 5 ,0 0 0 4 , 6 4 0 ,0 0 0 4 , 0 4 5 ,0 0 0
10 A .R. • • • 3 ,6 6 5 ,0 0 0 4 , 2 1 0 ,0 0 0 3 , 825 ,0 0 0
11 D .T . • • • 4 ,7 8 5 ,0 0 0 5 , 020 ,0 0 0 4 , 4 1 0 ,0 0 0
12 W.H. • • • 3 ,5 8 5 ,0 0 0 4 , 3 4 0 ,0 0 0 3 ,6 5 5 ,0 0 0
A verages *  • • • 4 , 103 ,0 0 0 4 ,7 6 2 ,0 0 0 4 ,1 6 4 ,0 0 0
( *  E x c lu d in g  No* 1* 5 and  6 )*
I t  can  be  s e e n  a t  once t h a t  d u r in g  d i u r e s i s  i n  
a c u te  n e p h r i t i s  th e r e  i s  an  in c r e a s e d  c o n c e n tr a t io n  o f  
r e d  c e l l s  i n  th e  b lo o d  stream *  U n f o r tu n a te ly ,  c a se s  
o f  a c u te  n e p h r i t i s  do n o t come u n d e r o b s e r v a t io n  d u r in g
th e  b r i e f  i n i t i a l  p e r io d  when oedema i s  i n c r e a s in g  and 
t h e r e  i s  m arked  o l i g u r i a ,  o th e rw is e  i t  w ould  p ro b a b ly  be 
p o s s i b l e  to  d e m o n s tra te  t h a t  th e r e  i s  a  r e d u c t io n  i n  th e  
c o n c e n t r a t io n  o f  r e d  c e l l s  d u r in g  t h i s  e a r l y  phase*
I n  n e p h ro t ic  n e p h r i t i s  th e  changes i n  th e  r e d  c e l l  
c o n c e n t r a t io n  o f  th e  p e r i p h e r a l  b lo o d  w i th  f l u c t u a t i o n s  i n  
oedema a r e  q u i te  d i f f e r e n t *  The r e s u l t s  i n  T a b le  4  a r e  
exam ples o f  changes w h ich  w ere r e c o rd e d  s e v e r a l  t im e s  f o r  
e a c h  c h i l d ,  though  on some o c c a s io n s  th e  c o u n ts  w ere 
c o m p lic a te d  by th e  p re s e n c e  o f  an  a c u te  i n f e c t i o n  w hich  
l e a d  to  a r a p id ly  a d v a n c in g  anaem ia*
TABLE 4*
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p e r  c*mm*
P acked
















J.M . I n c r e a s in g 10k 5,1*95,000 4 7 .0 32*4 443 480
D im in ish in g 96 4 ,9 1 0 ,0 0 0 4 0 .0 22*7 472 1070
W.G. I n c r e a s in g 95 4 *815*000 46*3 2 4 .9 410 660
D im in ish in g 82 4 , 110 ,0 0 0 4 0 .0 1 9 .0 484 940
T.M. I n c r e a s in g 103 5 , 6 4 0 ,0 0 0 5 5 .1 3 5 .7 432 230
D im in ish in g 96 5 , 2 25 ,0 0 0 47*0 23*8 462 1250
I n  th e  exam ples show n, th e r e  was no e v id e n c e  o f  a c u te  
i n f e c t i o n /
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Body w e ig h t  i n  K i lo s .
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--------- • Red C e l l  Count i n  N e p h ro t ic  N e p h r i t i s .
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1+ 0 0 '
Time -  3 day p e r i o d s .
 •----------- —• Volume o f  u r in e  e x c r e t e d  i n  21+ Hours.
 •............... .. Red c e l l  co u n t i n  a c u te  n e p h r i t i s .
 •------------- • Red c e l l  co u n t i n  n e p h r o t i c  n e p h r i t i s .
and r e c o v e ry  in  a c u te  n e p h r i t i s  w i th  oedema i s  q u i te  
d i f f e r e n t  from  t h a t  in  n e p h r o t i c  n e p h r i t i s  and t h i s  w i l l  
he d i s c u s s e d  more f u l l y  i n  th e  s e c t i o n  d e a l in g  w i th  p lasm a 
volum e •
I t  w i l l  he se e n  t h a t  i n  a c u te  n e p h r i t i s  a  s e r i e s  o f  
h lo o d  c o u n ts  done when th e  p a t i e n t  i s  r e c o v e r in g  and a f t e r  
th e  f i r s t  f lo o d  o f  d i u r e s i s  h a s  p a s s e d ,  w i l l  d i s c l o s e  w hat 
a p p e a rs  t o  he an  i n c r e a s in g  anaem ia  h u t  i s  in  r e a l i t y  
o n ly  a  d im in is h in g  h a e m o c o n c e n tra t io n , and th e  t r u e  r e d  
c e l l  c o u n t c an  o n ly  he o b ta in e d  a h o u t 4 w eeks a f t e r  oedem a, 
in d ic a t e d  hy  p i t t i n g  on p r e s s u r e ,  h a s  d isa p p e a re d #
I n  n e p h r o t i c  n e p h r i t i s  any  anaem ia  t h a t  may he 
p r e s e n t  w i l l  te n d  to  he m asked hy th e  p re s e n c e  o f 
in c r e a s in g  oedema w i th  i t s  a s s o c ia t e d  h a e m o c o n c e n tra tio n  
and th e  t r u e  h lo o d  co u n t can  he o b ta in e d  o n ly  d u r in g  a  
n on -oedem atous p h ase  when th e  w e ig h t i s  s te a d y #
The o b s e rv a t io n s  o f  M cClure e t  a l .  (1933) on 
n e p h r o t i c  n e p h r i t i s  a r e  e n t i r e l y  co n firm ed  hy  th e  r e s u l t s  
o b ta in e d  in  t h i s  s tu d y #
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PART I I I ,
ANAEMIA Iff NEPHRITIS*
Soon a f t e r  B r ig h t* s  (1 8 3 6 ) o r g i n a l  d e s c r i p t i o n  o f  
n e p h r i t i s *  i t  became r e c o g n is e d  t h a t  th e  d i s e a s e  i s  some­
tim e s  accom pan ied  by a  s e v e re  an d  p r o g r e s s iv e  an aem ia .
S in c e  then*  th e  p ro b lem s p r e s e n te d  by t h i s  v e ry  i n t r a c t a b l e  
anaem ia have b een  e x te n s iv e ly  s tu d i e d  i n  a d u lts *  b u t  t h e r e  
h a s  b e en  l i t t l e  d e t a i l e d  s tu d y  o f  th e  b lo o d  changes 
o c c u r r in g  i n  th e  n e p h r i t i s  o f  ch ild h o o d *  th o u g h  a t  t h i s  
age  p e r io d *  c o m p lic a t in g  f a c t o r s  a r e  l e s s  common th a n  i n  
a d u l t s .  P a r t  o f  th e  d i f f i c u l t y  i n  a s s e s s in g  th e s e  s t u d i e s  
a r i s e s  fro m  a  f a i l u r e  on th e  p a r t  o f  many w o rk e rs  to  
d i f f e r e n t i a t e  th e  ty p e s  and  s t a g e s  o f  th e  d i s e a s e  b e fo re  
p r e s e n t in g  t h e i r  r e s u l t s  and  i n  o th e r  case s*  w here a 
d i f f e r e n t i a t i o n  h as b e e n  made* th e  m eaning w h ich  th e  a u th o r  
a t t a c h e s  to  h i s  s u b d iv i s io n s  o f  n e p h r i t i s  i s  to o  o f t e n  
u n c e r t a i n .
P a rso n s  and  E k o la - S t r o lb e r g  (1933) have made a 
c a r e f u l  re v ie w  o f  th e  e a r l y  l i t e r a t u r e  on anaem ia i n  
n e p h r i t i s  and  th e y  s t a t e  t h a t  "anaem ia  i s  common i n  c h ro n ic  
n e p h r i t i s .  **
C h r i s t i s o n  (101+1) was one o f  th e  f i r s t  t o  e s t im a te  
th e  d e g re e  o f  anaem ia i n  n e p h r i t i s  and  he c o n s id e re d  t h a t  i t  
was a  v e ry  u s e f u l  g u id e  to  th e  p r o g re s s  and  p ro g n o s is  o f  
th e  d i s e a s e .  He d e v is e d  a m ethod w hich  i s  to  some e x te n t  
a n a lo g o u s  to  th e  m odern h a e m a to c r i t  tu b e .  The b lo o d  was 
d e f i b r i n a t e d /
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d e f i b r i n a t e d  by w h ipp ing  and  th e n  a llo w e d  to  se d im e n t and  by 
com paring  th e  p r o p o r t io n  o f  r e d  c e l l s  to  serum  w h ich  he fo u n d  
i n  c h ro n ic  n e p h r i t i s ,  w i th  h i s  r e s u l t s  i n  h e a l th y  s u b j e c t s ,  
i t  can  be  c a l c u l a t e d  t h a t  th e  a v e ra g e  r e d  c e l l  c o u n t o f  h i s  
p a t i e n t s  was 3 to  3*5 m i l l i o n  R .B .C . p e r  c.mra.
L e ic h te n s te r n  (1878) a l s o  fo u n d  c o n s id e r a b le  anaem ia 
i n  c h ro n ic  n e p h r i t i s .  p a rs o n s  e t  al* (1933) a f t e r  an  
e x te n s iv e  i n v e s t i g a t i o n  o f  th e  p u b l is h e d  r e p o r t s  and  fro m  
th e  e x a m in a tio n  o f  t h e i r  own c a s e s ,  c o n c lu d e d  t h a t  anaem ia 
i s  a lm o s t a lw ays fo u n d  i n  c a s e s  w ith  a z o ta e m ia  r e g a r d l e s s  
o f  th e  p a th o lo g ic a l  b a s i s  f o r  th e  r e n a l  i n s u f f i c i e n c y  and 
f u r t h e r  c la im e d  t h a t  t h e r e  i s  a p a r a l l e l  b e tw een  th e  d e g re e  
o f  anaem ia a n d  th e  e x te n t  o f  a z o ta e m ia , b u t  Townsend e t  aL  
(1937) w h ile  th e y  fo u n d  some r e l a t i o n s h i p  be tw een  anaem ia 
an d  a z o ta e m ia , a d m it te d  t h a t  some c a s e s  w ith  s e v e re  
a z o ta e m ia  w ere n o t  anaem ic and  v ic e  v e r s a .  W in tro b e  (1934) 
s t u d i e d  anaem ia i n  n e p h r i t i s ,  m ost o f  h i s  c a s e s  h a v in g  th e  
c h ro n ic  ty p e s  o f  th e  d i s e a s e ,  and  he fo u n d  t h a t  th e  anaem ia 
was n o rm o cy tic  o r  m ic ro c y t ic  b u t  n e v e r  hypoch rom ic . The 
a v e ra g e  r e d  c e l l  co u n t i n  h i s  s e r i e s  was 3*58 m i l s ,  p e r  c.mrn. 
w ith  a haem og lob in  o f  70% H a ld an e , c o lo u r  in d e x  o f  1 .0 ,  p ack ed  
c e l l  volum e o f  30% a n d  mean c o rp u s c u la r  volum e o f  84 c u b ic  
m ic ro n s . The v a lu e  o f  t h i s  f i n d in g  o f  an  o rth o ch ro m ic  
n o rm o cy tic  anaem ia i s  d im in is h e d  by th e  i n c lu s io n  o f  su c h  
d i f f e r e n t  d i s e a s e s  a s  a c u te  h aem o rrh ag ic  n e p h r i t i s  and  
n e p h r o s c le r o s i s  i n  one g ro u p .
A /
A somewhat g r e a t e r  d e g re e  o f  a g re em e n t i s  fo u n d  
among th e  s t u d i e s  r e p o r te d  by th o s e  who have d i f f e r e n t i a t e d  
th e  s t a g e s  o f  n e p h r i t i s *
McLean (1927) c o n s id e re d  t h a t  i n  a c u te  h aem o rrh ag ic  
n e p h r i t i s ,  a lm o s t a l l  c a s e s  w ith  oedema and  a few  c a s e s  
w ith o u t  oedema "show an in c r e a s e  i n  th e  f l u i d  p a r t  o f  th e  
b lo o d  so  t h a t  th e  p e rc e n ta g e  o f  b lo o d  s o l i d s  i s  l e s s  th a n  
n o rm a l .w
T h u r s f i e ld  (1934) c la im e d  t h a t  a c u te  n e p h r i t i s  i s  
o f t e n  accom pan ied  by a m arked anaem ia b u t  t h a t  t h i s  was more 
a p p a re n t  th a n  r e a l  and  s h o u ld  be a t t r i b u t e d  to  oedema o f  th e  
b lo o d .
C ass (1939) s t a t e d  t h a t  anaem ia i n  a c u te  n e p h r i t i s  
was s l i g h t  and  te n d e d  to  sp o n ta n e o u s  re c o v e ry , w h ile  Murphy 
e t  a l . (1934) p r a c t i c a l l y  n e v e r  fo u n d  anaem ia i n  m ild  c a s e s .
Van S ly k e ,S t i l lm a n  e t  a l . (1930) fo u n d  t h a t  i n  th e  
a c u te  s ta g e  o f  h aem o rrh ag ic  n e p h r i t i s  th e  tem p o rary  anaem ia 
was o f  no more s i g n i f i c a n c e  th a n  th e  tem p o rary  f a l l  i n  b lo o d  
u re a  c le a r a n c e  and  o b se rv e d  t h a t  some p a t i e n t s  had  s l i g h t  
anaem ia w h ile  o th e r s  had none a t  a l l .
Boyd (1927) exam ined some f i f t y  c h i ld r e n  w ith  a c u te  
n e p h r i t i s  and  c o n c lu d e d  t h a t  g ro s s  h a e m a tu ria  c o u ld  p roduce  a  
s e c o n d a ry  anaem ia o f  a s e v e r i t y  p r o p o r t io n a l  to  th e  amount o f  
b lo o d  l o s t  th ro u g h  th e  k id n e y .
I t  i s  g e n e r a l ly  a g re e d  (Van S ly k e  e t  a l* 1 9 3 0 ; C ass, 
1939; B e l l /
B e ll ,  1938; Murphy e t  a l.,1 9 3 8 ; L e i t e r ,  1930; F a h r, 1937) 
t h a t  i n  n e p h ro t ic  n e p h r i t i s  anaem ia o c c u rs  o n ly  i n  a s s o c i a t i o n  
w i th  a n  a c u te  s e p t i c  i n f e c t i o n  a n d  i n  th e s e  c a s e s  i t  
p r o g r e s s e s  w i th  s t a r t l i n g  r a p i d i t y .
C h ro n ic  h aem o rrh ag ic  n e p h r i t i s  i s  th e  ty p e  o f  th e
\
d i s e a s e  i n  w h ich  anaem ia  i s  fo u n d  m ost commonly and in  i t s  most 
s e v e r e  fo rm . Van S ly k e  e t  a l .  (1930) fo u n d  i t  ’p r a c t i c a l l y  
a lw ay s  p r e s e n t ’ an d  i n  t h e i r  p a t i e n t s  th e  haem og lob in  was 
u s u a l ly  fro m  32  to  6k% H a ld an e .
Murphy e t  a l .  (1934) c la im e d  t h a t  a r e d  c e l l  co u n t 
below  3*5  m i l s ,  p e r  c.mm. im p l ie s  p r o g r e s s iv e  r e n a l  breakdow n. 
C ass (1939) c o n s id e re d  anaem ia a l a t e  c o m p lic a tio n  o f  c h ro n ic
!
h aem o rrh ag ic  n e p h r i t i s ;  i n  h e r  p a t i e n t s  th e  anaem ia was 
o r th o c h ro m ic  and  n o rm o cy tic  and  n e a r ly  a lw ays accom panied  by 
n i t r o g e n  r e t e n t i o n  th o u g h  th e  d e g re e  o f  anaem ia was n o t 
r e l a t e d  to  th e  e x te n t  o f  n i t r o g e n  r e t e n t i o n .
B e l l  (1938) fo u n d  a hypochrom ic anaem ia o f  f a i r l y  
s e v e re  d e g re e  p r e s e n t  i n  th e  g r e a t  m a jo r i ty  o f  c a s e s  and  th e  
haem og lob in  was 50^  o r  l e s s  i n  two t h i r d s  o f th e  p a t i e n t s  i n  
w h ich  i t  was d e te rm in e d .
Brown & R o th  (1922) s t u d i e d  th e  in c id e n c e  o f  anaem ia 
i n  187 o a se s  o f  c h ro n ic  n e p h r i t i s  and  ju d g ed  105 o f  them 
anaem ic w i th  r e d  c e l l  c o u n ts  below  4*0 m i l s ,  p e r  c.mm. They 
c o n s id e r  t h a t  th e  anaem ia d e v e lo p s  i n  s t e p s  and  s t a i r s *  w ith  
e a c h  f r e s h  e x a c e r b a t io n  o f  th e  n e p h r i t i c  p ro c e s s  so  t h a t  i n  
b e tw een  th e s e  ' r e n a l  b r e a k s ’ th e  r e n a l  f u n c t io n  t e s t s  may be !I
i
n o rm a l/
norm al w h ile  th e  anaem ia rem a in s  o n ly  to  become w orse  w ith  
e a c h  f r e s h  r e n a l  e x a c e r b a t io n .
M i tc h e l l  (1930) p e rh a p s  g o e s  r a t h e r  f a r  when he 
c la im s  t h a t  i n  p r a c t i c a l l y  e v e ry  r e p o r t e d  i n s t a n c e  o f  
c h ro n ic  i n t e r s t i t i a l  n e p h r i t i s  i n  w h ich  th e  b lo o d  was 
exam ined* se c o n d a ry  anaem ia was fo u n d . I t  i s  n o t q u i te  
c l e a r  w hat he means by 's e c o n d a ry * a n a e m ia .
M ost a u t h o r i t i e s  a g re e  (Van S ly k e ,e t  a l* 1 9 3 0 )  t h a t  
when anaem ia i s  p r e s e n t  i n  n e p h r o s c le r o s i s  i t  i s  l e s s  s e v e re  
and  l e s s  i n t r a c t a b l e  th a n  i n  c h ro n ic  h aem o rrh ag ic  n e p h r i t i s .  
A l l  i n v e s t i g a t o r s  a r e  a g re e d  t h a t  th e  anaem ia w hich  o c c u rs  
i n  n e p h r i t i s  i s  n o rm o cy tic  o r  m ic ro c y t ic  b u t  th e r e  i s  
d i f f e r e n c e  o f  o p in io n  r e g a rd in g  th e  c o lo u r  in d e x .
A h y p erch ro m ia  anaem ia has b een  d e s c r ib e d  w ith  a 
c o lo u r  in d e x  ra n g in g  fro m  1 .6  (A u b e r tin  e t  a l* 1 9 2 0 ) to  1 .1  
(B e rg -1922) b u t  m ost w o rk e rs  have fo u n d  a c o lo u r  in d e x  betw een
0 .9  and  1 .0  (p a rs o n s  e t  a l.,1 9 3 3 ; S c a r l e t t ,  1929; A she, 1929; 
W in tro b e* 1934)*
I n  some r e p o r t s  a hypochrom ic anaem ia i s  d e s c r ib e d  
w i th  a c o lo u r  in d e x  be tw een  0 .8  an d  0 .9  (Brown & R oth , 1923* 
K lem p erer & O ta n i, 1931; B e l l , 1938) b u t  no s tu d y  o f  anaem ia 
i n  n e p h r i t i s  has d i s c lo s e d  th e  p ro n o u n ced  hypochrom ia 
c h a r a c t e r i s t i c  o f  i r o n  d e f i c ie n c y .
T h is  su rv e y  o f  th e  l i t e r a t u r e  on anaem ia i n  n e p h r i t i s  
shows t h a t  w h ile  a l l  w o rk e rs  a re  a g re e d  t h a t  anaem ia i s  a 
very common accom panim ent o f  n e p h r i t i s  th e r e  a re  c o n t r a d ic to r y  
s t a t e m e n t s /
s ta te m e n ts  r e g a r d in g  th e  ty p e  and  d e g re e  o f  anaem ia  and th e r e
i s  no c l e a r  i n d i c a t i o n  in  w h ich  fo rm  o r  fo rm s o f  r e n a l  
d i s e a s e  th e  c h a r a c t e r i s t i c a l l y  i n t r a c t a b l e  anaem ia  o c c u r s .
By a p p ly in g  th e  m ethod o f  s tu d y ,  o u t l i n e d  in  th e  
i n t r o d u c t i o n ,  t o  39 c a s e s  o f  n e p h r i t i s ,  an  en d eav o u r h a s  been  
made t o  g a in  f r e s h  in fo rm a tio n  on th e s e  p ro b le m s .
The p a t i e n t s  h ave  been  s e p a r a te d  i n t o  th e  f o l lo w in g  
g r o u p s ,  each  o f  w hich  i s  c o n s id e re d  in d e p e n d e n t ly .
1 .  A cute h a em o rrh ag ic  n e p h r i t i s  -  21 c a s e s .
2 .  N e p h ro tic  n e p h r i t i s  -  5 c a s e s .
3 .  N e p h r o s c le r o s is  -  8 c a s e s .
4 . C h ro n ic  h a em o rrh ag ic  n e p h r i t i s -  5 c a s e s .
1 . A cute H aem orrhag ic  N e p h r i t i s .
A l l  t h e  p a t i e n t s  in  t h i s  g ro u p  showed th e  t y p i c a l  
s ig n s  and symptoms o f  th e  d i s e a s e .  T h e ir  i l l n e s s  was 
c h a r a c t e r i s e d  by  a  sud d en  o n s e t ,  o f t e n  a f t e r  a  s t r e p to c o c c a l  
i n f e c t i o n ,  w i th  c o n s t i t u t i o n a l  symptoms su c h  a s  h e a d a c h e , 
v o m it in g , a n o r e x ia ,  and p a in  in  th e  b a c k ; w i th  two 
e x c e p tio n s  a l l  o f  them  g ave  a  h i s t o r y  o f  oedema a t  th e  o n se t
o f  t h e  d i s e a s e  and s i x t e e n  w ere s t i l l  oedem atous on a d m is s io n . 
A l l  had  a lb u m in u r ia ,  h a e m a tu r ia  and  c a s t s  i n  th e  u r i n e ;  th e  
b lo o d  p r e s s u r e  was above no rm al i n  a l l  b u t t h r e e  c a s e s .  In  
a b o u t h a l f  th e  c a s e s  th e  n o n - p r o te in  n i t r o g e n  was above 40 mgms 
% a t  th e  f i r s t  e x a m in a t io n . A l l  e x c e p t one o f th e  p a t i e n t s  
w ere  w e l l  and had  a  n o rm al u r in e  w i th in  t h r e e  m onths o f  th e  
o n s e t  o f  th e  d i s e a s e .  In  th e  s i n g l e  e x c e p tio n ,  n e a r l y  
se v en  m onths e la p s e d  b e fo re  th e  u r in e  was f r e e  from  a lb u m in . 
T h e /
The r e s u l t s  o f  th e  h lo o d  e x a m in a tio n s  made d u r in g  
th e  a c t i v e  s t a g e  o f  th e  d is e a s e  (T a b le  5 )  show t h a t  th e r e  
was a s l i g h t  o r th o c h ro m ic  n o rm o cy tic  anaem ia* The a v e ra g e  
c o lo u r  in d e x  was 0*9 an d  th e  mean c o rp u s c u la r  volum e was 86 
c u b ic  m icrons*  T here  was a l s o  a s l i g h t  le u c o c y to s is *
As th e s e  c o u n ts  showed th e  s t a t e  o f  th e  b lo o d  o n ly  
i n  th e  e a r l y  s ta g e  o f  th e  d i s e a s e  i t  was p o s s ib l e  t h a t  
anaem ia had  n o t th e n  d e v e lo p e d  b u t  t h a t  e s t im a t io n s  made 
som etim e l a t e r  m ig h t d i s c lo s e  i t s  su b s e q u e n t o c cu rren c e*  Of 
th e  tw e n ty -o n e  p a t i e n t s  i n  t h i s  g ro u p , e ig h t  w ere d is m is s e d  
fro m  h o s p i t a l  w i th in  s i x  w eeks o f  th e  f i r s t  c o u n ts  b e in g  
made* I n  th e  re m a in in g  t h i r t e e n  p a t i e n t s *  th e  r e s u l t  o f  
b lo o d  e x a m in a tio n s  made s i x  to  e ig h t  weeks a f t e r  th e  i n i t i a l  
c o u n ts  r e v e a le d  (T a b le  6 ) t h a t  th e r e  was no in c r e a s e  i n  th e  
anaem ia and t h a t  th e  l e u c o c y to s i s  had  d isa p p e a re d *
I t  w ould  a p p e a r  fro m  th e s e  r e s u l t s  t h a t  e a r l y  i n  
a c u te  h a em o rrh ag ic  n e p h r i t i s  th e r e  i s  a s l i g h t  o rth o ch ro m ic*  
n o rm o cy tic  anaem ia  and  a s l i g h t  l e u c o c y to s i s  and  t h a t  when 
c o n v a le s c e n c e  i s  e s t a b l i s h e d  th e  anaem ia p e r s i s t s  unchanged 
th o u g h  th e r e  i s  no lo n g e r  le u c o c y to s is *
TABLE 5
THE BLOOD IN ACUTE NEPHRITIS.
SOON AFTER ADMISSION TO HOSPITAL.
: Name*
Red









C e l l s
p e r
c.mm.
S . B .C .
v o l .
p e r
c e n t .
D .F . h $ 33 5 ,0 0 0 80 1 1 ,4 0 0 4 0 .6
A .J . k $ 025,000 72 1 3 ,2 0 0 35*0
E .R . 4 ,7 5 5 ,0 0 0 74 1 2 ,7 0 0 -
W.S. 4 , 20 5 ,0 0 0 84 2 2 ,9 0 0 4 0 .4
M.E. 4 ,  735,0 0 0 92 7 ,2 0 0 4 2 .9
E.MCI. 4 , 965,000 90 1 3 ,3 0 0 4 6 .6
I.M . 4 , 235,0 0 0 72 1 5 ,2 0 0 3 9 .6
R.M. 3 ,9 8 5 ,0 0 0 70 1 2 ,5 0 0 3 5 .8
G.H. 4 , 520,0 0 0 92 1 1 ,9 0 0 4 3 .5
H.G. 3 ,7 3 0 ,0 0 0 70 1 8 ,5 0 0 3 8 .4
M.W. 3 ,7 3 0 ,0 0 0 72 7 ,3 0 0 ? 9 .1
0* G. 3 ,6 6 0 ,0 0 0 72 1 4 ,8 0 0 3 3 .8
F .C . 4 ,2 6 5 ,0 0 0 74 1 4 ,2 0 0 3 7 .1
E.M. 4 ,6 1 0 ,0 0 0 78 2 6 ,2 0 0 3 9 .0
E .S . 4 ,9 3 0 ,0 0 0 88 1 6 ,3 0 0 43*0
M.M. 3 ,9 8 5 ,0 0 0 78 1 3 ,9 0 0 3 8 .8
F . G. 4 ,7 1 5 ,0 0 0 80 1 1 ,6 0 0 3 8 .5
A.R. 3 ,6 6 5 ,0 0 0 70 11 ,6 0 0 3 4 .0
D .T. 4 ,7 8 5 ,0 0 0 88 8 ,2 0 0 3 9 .0
W.H. 3 ,5 8 5 ,0 0 0 72 1 5 ,0 0 0 3 0 .0
M.S. 4 ,6 5 0 ,0 0 0 82 9 ,8 0 0 3 5 .0
Aver­
a g es 4 ,2 8 9 ,0 0 0 77 1 3 ,7 0 0 3 6 .7
TABLE 6 .
THE BLOOD IN ACOTE NEPHRITIS.
6 to  8 WEEKS AFTER ADMISSION TO HOSPITAL.
Name*
Red









C e l l s
p e r
c.mm.
R .B . C.
v o l .
p e r
c e n t .
E« R. 4 , 560 , 000 ' 80 1 1 ,1 0 0 -
W.S. 4 ,6 4 5 * 0 0 0 93 1 1 ,0 0 0 -
M.S. 4 ,5 4 0 ,0 0 0 86 8 ,3 0 0 -
E .M cI. 4 , 7 85 ,0 0 0 90 1 1 ,3 0 0 4 6 .5
G.H. 3 , 7 5 0 ,0 0 0 78 1 1 ,7 0 0 3 6 .1
G.G. 4 ,4 4 0 ,0 0 0 90 7 ,1 0 0 44*6
F . G. 5 , 2 1 0 ,0 0 0 90 8 ,6 0 0 -
E.M. 4 ,1 3 5 ,0 0 0 70 9 ,0 0 0 3 7 .8
F .G . 4 ,5 2 5 ,0 0 0 78 8 ,4 0 0 37*2
A .R. 3 , 5 2 0 ,0 0 0 72 8 ,9 0 0 3 0 .0
D. T. 4 , 4 1 0 ,0 0 0 86 5 ,8 0 0 3 8 .0
W.H. 3 ,8 0 0 ,0 0 0 72 8 ,0 0 0 3 5 .0
M .S. 4 , 050 ,0 0 0 83 4 ,9 0 0 4 0 .5
A v e rag e s 4 , 3 4 0 ,0 0 0 82 8 ,8 0 0 3 8 .4
A v erag es o f  above g ro u p  on  a d m is s io n . 
( E x tr a c te d  fro m  T a b le  5 . )
4 ,3 9 0 ,0 0 0 80 1 3 ,8 0 0 3 8 .3
2 .  N e p h r o t ic  N e p h r i t i s .
A lth o u g h  i t  i s  g e n e r a l l y  r e c o g n is e d  t h a t  anaem ia  i s  
n o t a  f e a t u r e  o f  n e p h r o t ic  n e p h r i t i s  in  th e  a b sen ce  o f  a c u te  
p y o g e n ic  i n f e c t i o n  t h e r e  i s  d i f f i c u l t y  i n  e s t im a t in g  th e  
t r u e  s t a t e  o f  th e  b lo o d  on a c c o u n t o f  th e  v a r i a t i o n s  in  th e  
b lo o d  c o u n t a c c o rd in g  t o  th e  s ta g e  o f th e  d i s e a s e  when th e  
e x a m in a tio n  i s  m ade. I n  T ab le  7 th e  r e d  c e l l  c o u n t ,  th e  
haem o g lo b in  p e r c e n ta g e ,  th e  w h ite  c e l l  c o u n t ,  and t h e  packed  
c e l l  volume in  f i v e  c h i ld r e n  w ith  n e p h ro t ic  n e p h r i t i s  a re  
r e c o r d e d .  T hese f i g u r e s  r e p r e s e n t  th e  s t a t e  o f  th e  b lo o d  
on a d m iss io n  t o  h o s p i t a l  b u t  do n o t show w h e th e r t r u e  
anaem ia  i s  p r e s e n t  o r  n o t ,  b ecau se  th e  e f f e c t  o f  oedem a, 
d e s c r ib e d  in  P a r t  11 o f  t h i s  s tu d y ,  and th e  e f f e c t  o f  
i n f e c t i o n  m ust be ta k e n  i n to  c o n s i d e r a t i o n .  T hese f iv e  
c h i l d r e n  showed th e  t y p i c a l  f e a t u r e s  o f  n e p h r o t ic  n e p h r i t i s  
e x c e p t t h a t  one o f them  (W .G .) had  a  tu b e rc u lo u s  i n f e c t i o n  
in  a d d i t i o n ,  ^he c o u rs e  o f th e  b lo o d  changes i s  b e s t  s e e n  
b y  re v ie w in g  e ac h  c a s e  in d iv id u a l ly *
29
TABLE 7 .
THE BLOOD IN THE NEPHROTIC SYNDROME.
Name
Red C e l l s  
p e r  c*mm*
Hb* p e r  
c e n t
(H a ld an e)
W hite
c e l l s
p e r
c*mm*




R e t i c u lo ­
c y te s  
p e r  c e n t  
o f  R .B .C .
T.M. 5 ,6 4 0 ,0 0 0 103 6 ,4 0 0 55.1 0 .9
J.M . 5 ,4 9 5 ,0 0 0 104 1 3 ,4 0 0 4 7 .0 0 .6
W.G. 4 , 0 9 0 ,0 0 0 78 23 ,500 3 9 .0 1 .2
X • D. 3 ,8 1 0 ,0 0 0 66 17 ,300 32*4 -
E .G . 4 , 0 5 5 ,0 0 0 78 13 ,9 0 0 3 3 .0 1 .4
A verages 4 ,6 0 8 ,0 0 0 86 14 ,900 4 1 .3 1 .0 2
A verage c o lo u r  in d e x  0*93
A verage mean c o r p u s c u la r  volum e 90 c* m icrons*
T.M. -  age 7 y e a r s *
D u rin g  h i s  f i r s t  th r e e  y e a r s  th e  boy had f r e q u e n t  
m in o r c h e s t  c o m p la in ts  b u t  t h e r e a f t e r  rem ain ed  h e a l th y  u n t i l  
two days b e fo r e  a d m iss io n  to  h o s p i t a l ,  when h i s  f a c e  became 
p u f fy  a n d  on th e  f o l lo w in g  day  he had  s w e l l in g  o f  h i s  f a c e ,  
abdomen, s c ro tu m , sac ru m , and  leg s*
On a d m is s io n  he had  a n a s a ro a  and  a s c i t e s  w ith  
o l i g u r i a ,  a lb u m in u r ia  (28 p a r t s  E sb a c h ) , c a s t s  and  s c a n ty  
r e d  c e l l s  i n  th e  u r in e *  B lood  p r e s s u r e ,  122 /92  mm* Hg*
The M antoux t u b e r c u l i n  t e s t  was n e g a tiv e *  T em p era tu re , 
p u l s e  r a t e ,  an d  r e s p i r a t i o n  r a t e  w ere normal* Oedema was 
i n c r e a s in g  ra p id ly *  The b lo o d  e x a m in a tio n  show ed:
R ed /
Red b lo o d  c e l l s  • ••  
H aem oglobin  • ••  
W hite  b lo o d  c e l l s  
R e t i c u lo c y te s  • ••  
P ack ed  c e l l  volum e 
Seram  P r o t e in  
N o n -p ro te in  n i t r o g e n
• • 5,61+0,000 p e r  c*mm.
• • 103 p e r  cen t*
• • 6 ,i+00 p e r  c*mm*
• • 0*9 p e r  c e n t  
. .  5 0 .1 #
••  5*13 gras. %
••  35*7  mgras* %
A f te r  one week he d e v e lo p e d  ex*ysipelas o f  th e  c h e s t  
w a l l  fo l lo w e d  by an  empyema and  i n  th e  c o u rse  o f  f o u r  w eeks 
h i s  b lo o d  p i c t u r e  changed  t o :
Red b lo o d  c e l l s  • • •  
H aem oglobin  • • •  
W hite  b lo o d  c e l l s  
R e t i c u lo c y te s  • • •  
P acked  c e l l  volum e 
Serum p r o t e i n  • • •  
N o n -p ro te in  n i t r o g e n
• •  391 6 0 ,0 0 0  p e r  c*mm* 
• • 5 2  p e r  cen t*
• • 2 3 ,4 0 0  p e r  c*mm* 
2 .6 ^
3 5 .9 #
• • 5*25 gras. %
• •  33*2  mgras. %
.  .  
. *
F o llo w in g  t r e a tm e n t  o f  th e  empyema, he made a good 
re c o v e ry  and  f o u r  m onths l a t e r  th e r e  was no oedem a, b lo o d  
p r e s s u r e  108 /S 0  mm*Hg., no a lb u m in  i n  th e  u r i n e ,  th e  c h e s t  
a p p e a re d  to  be  q u i te  so u n d , an d  th e  b lo o d  p i c t u r e  w as:
Red b lo o d  c e l l s  * . .  
H aem oglobin  • • •  
W hite  b lo o d  c e l l s  
R e t i c u lo c y te s  ••*  
P ack ed  c e l l  volume 
Serum  P r o t e i n  •* •  
N o n -p ro te in  n i t r o g e n
•* 5 , 225 ,000  p e r  c*mm* 
. .  96J6
• • 8 ,6 0 0  p e r  c.mm.
0 .9 $  
4 7 .0 #
. .  7 .3 2  gms. %
. .  4 1 .7  mgms. %
. * 
.  •
He rem a in ed  w e l l  f o r  two w eeks th e n  had  a r e la p s e  
o f  n e p h ro t ic  n e p h r i t i s  and  th e  c l i n i c a l ,  b io c h e m ic a l and  
h a e m a to lo g ic a l  f i n d in g s  w ere th e  same a s  on h i s  a d m iss io n  to  
h o s p i ta l*  A f t e r  a b o u t s i x  m onths o f  v a ry in g  d e g re e s  o f  
oedema he a g a in  d e v e lo p e d  e r y s i p e l a s ,  pneum onia and  empyema* 
A s s o c ia te d  w ith  t h i s  th e r e  was s e v e re  an aem ia , a l e u c o c y to s is  
r e a c h in g /
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r e a c h in g  4 6 91|.00 w h ite  b lo o d  c e l l s  p e r  c*mni* ,  an d  a
r e t i c u l o e y t o s i s  v a ry in g  b e tw een  5  p e r  c e n t  and  10 p e r  cen t*
He d ie d  o f  t h i s  i n f e c t i o n  a n d  8 d ay s b e fo re  h i s  d e a th  th e
b lo o d  c o u n t show ed:
Red b lo o d  c e l l s  • • •  • • •  • • •  • • •  1#825#000 p e r  c*mm*
H aem oglobin  • • •  • • •  • • •  • • •  36^
W hite  b lo o d  c e l l s  • • •  • • •  • • •  29 ,0 0 0  p e r  c*mm*
R e t ic u lo c y te s  • • •  • • •  • • •  • • •  5»6%
P ack ed  c e l l  volum e • • •  • • •  • • •  24*0$
Serum  P r o t e in  • • •  • • •  • • •  • • •  5*11 gms* %
N o n -p ro te in  n i t r o g e n  • • •  • • •  • • •  59*5mgms* %
The c o u rs e  o f  th e  anaem ia and  i t s  r e l a t i o n s h i p  to  
p y o g e n ic  i n f e c t i o n  i s  shown i n  C h a r t  3* The p o s t  m ortem  
e x a m in a tio n  r e v e a le d  a  l e f t  s id e d  empyema w ith  a  c o l l e c t i o n  
o f  p u s  u n d e r th e  d iap h rag m  and  b i l a t e r a l  pneum onic c o n s o l id ­
a tio n *  The k id n e y s  p r e s e n te d  th e  f e a t u r e s  c h a r a c t e r i s t i c  o f  
l i p o i d  n e p h ro s is*
J« McD* -  age k  y e a r s *
The boy had  a norm al h e a l th y  c h ild h o o d  u n t i l  two 
w eeks b e fo r e  a d m iss io n  to  H o s p i t a l ,  when h i s  f a c e  became 
p u f f y  an d  oedema r a p id ly  s p r e a d  o v e r  h i s  w hole body*
On a d m is s io n  th e r e  was a n a s a rc a  and  a s c i t e s  w ith  
o l ig u r i a *
The u r in e  c o n ta in e d  a lb u m in  (13 p a r t s  E sb a c h ) , many 
c a s t s ,  b u t  o n ly  s c a n ty  r e d  b lo o d  c e l l s *
The M antoux tu b e r c u l in  t e s t  was n e g a t iv e ,  th e  b lo o d  
p r e s s u r e  110 /59  mm. Hg* The b lo o d  e x a m in a tio n  show ed:
R e d /
Red b lo o d  c e l l s  • • •  • • •  . . . • • •  5*495*000 P©r c.mm*
H aem oglobi n » . « • • •  • • •  • • •  104/&
W hite  b lo o d  c e l l s  .............................. 13*400 p e r  c.mm.
R e t i c u lo c y te s  • • •  . . .  . . .  . . .  0*6%
p a c k e d  c e l l  volume . . .  • .............47*0$
Serum  P r o t e in  • • •  . . .  . . .  • • • 4 . 9  gras. %
N o n -p ro te in  n i t r o g e n  . . .  . . .  . . .  28 mgms. %
T h e r e a f t e r  he s p e n t  m ost o f  h i s  l i f e  i n  h o s p i t a l
w ith  w ax ing  an d  w aning  oedema b u t no im p a irm en t o f  r e n a l
f u n c t io n  a s  t e s t e d  by u re a  c le a r a n c e  t e s t s .  D u rin g  one
week when he had  a  sudden  in c r e a s e  i n  oedema* h i s  b lo o d
show ed r e d  c e l l s  6*185*000 p e r  c.mm.* haem og lob in  126$
an d  a  week l a t e r  when oedema was d im in ish in g *  th e  c o u n t
f e l l  to  r e d  c e l l s  4 *7 9 0 ,0 0 0  p e r  c.mm.* haem og lob in  9Q%*
T h is  boy r e p e a te d ly  showed f l u c t u a t i o n s  i n  h i s  r e d  c e l l
count*  a s s o c i a t e d  w i th  ch an g es  i n  oedema* s i m i l a r  to  th e
exam ple q u o te d  th o u g h  l e s s  e x tre m e . Some o f  th e s e
f l u c t u a t i o n s  a r e  r e p r e s e n te d  d i a g r a m s t i c a l ly  i n  C h a r t  4«
U ltim a te ly *  20 m onths a f t e r  th e  f i r s t  e x a m in a tio n
he d e v e lo p e d  c e l l u l i t i s  o f  h i s  th ig h s  an d  ab dom inal w a ll
an d  a  g e n e r a l i s e d  p e r i t o n i t i s  w h ich  c a u se d  h i s  d e a th .
I n  th e  c o u rse  o f  t h i s  f a t a l  i n f e c t i o n  he d e v e lo p ed
a s e v e re  anaem ia:
Red b lo o d  c e l l s  . . .  . . .  . . .  . . .  2*7^5*000 p e r  c.mm.
H aem oglobin  . . .  . . .  • • •  • • •  • • •  48$
W hite  b lo o d  c e l l s  . . .  . . .  . . .  27*300 p e r  c.mm.
R e t i c u lo c y te s  . . . .  . . .  • • • • • •  4*0$
Serum  p r o t e i n  . . . .  . . .  . . .  . . .  5*73 gms. %
N o n -p ro te in  n i t r o g e n  . . .  . . .  . . .  34*2 mgras. $
On p o s t  m ortem  e x a m in a tio n  he was fo u n d  to  have a
g e n e r a l i s e d  pneum ococcal p e r i t o n i t i s  and  b o th  k id n e y s  p r e s e n te d
t h e /
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p e a c h in g  ij.6 fij.00 w h ite  b lo o d  c e l l s  p e r  c *17111. ,  and  a
r e t i c u l o c y t o s i s  v a ry in g  b e tw een  5  p e r  c e n t  and  10 p e r  c e n t .
He d ie d  o f  t h i s  i n f e c t i o n  a n d  8 d ay s b e fo re  h i s  d e a th  th e
b lo o d  c o u n t show ed:
Red b lo o d  c e l l s  . . .  • » .  . . .  . . .  1 ,825#000  p e r  c.mm.
H aem oglobin  . . .  . . .  . . .  . . .  36$
W hite  b lo o d  c e l l s  . . .  . . .  . . .  29#000 p e r  c.mm.
R e t i c u lo c y te s  . . .  . . .  . . .  • • •  5 . 6$
P ack ed  c e l l  volum e ..................   . . .  2 4 .0 ^
Serum  P r o t e in  .........................................5*11 gms. %
N o n -p ro te in  n i t r o g e n  ...................... .. 59*5rngms. '%
The c o u rs e  o f  th e  anaem ia and  i t s  r e l a t i o n s h i p  to  
p y o g e n ic  i n f e c t i o n  i s  shown i n  C h a r t  3 . The p o s t  m ortem  
e x a m in a tio n  r e v e a le d  a l e f t  s id e d  empyema w ith  a c o l l e c t i o n  
o f  p u s  u n d e r th e  d iaph ragm  and  b i l a t e r a l  pneum onic c o n s o l id ­
a t i o n .  The k id n e y s  p r e s e n te d  th e  f e a t u r e s  c h a r a c t e r i s t i c  o f  
l i p o i d  n e p h ro s is .
J .  McD. -  age  4  y e a r s .
The boy h ad  a norm al h e a l th y  c h ild h o o d  u n t i l  two 
w eeks b e fo re  a d m is s io n  to  H o s p i t a l ,  when h is  f a c e  became 
p u f f y  and  oedema r a p id ly  s p r e a d  o v e r  h i s  w hole body .
On a d m is s io n  th e r e  was a n a s a rc a  and a s c i t e s  w ith  
o l i g u r i a .
The u r in e  c o n ta in e d  a lb u m in  (15 p a r t s  B sb a c h ), many 
c a s ts #  b u t  o n ly  s c a n ty  r e d  b lo o d  c e l l s .
The M antoux tu b e r c u l in  t e s t  was n e g a tiv e #  th e  b lo o d  
p r e s s u r e  110 /59  mm. Hg» The b lo o d  e x a m in a tio n  show ed:
R e d /
3 2 .
Red b lo o d  c e l l s  . . .  . . .  • • • • • •  5*495*000 PQr c.mm.
H aem oglobin  . . .  . . .  . . .  . . .  lOij.^
W hite  b lo o d  c e l l s  . . .  . . .  . . .  13*400 p e r  c.mm.
R e t i c u lo c y te s  ............................. .. • • •  0*6%
p a c k e d  c e l l  volume . . .  . . .  . . .  4 7 . 0$
Serum  P r o t e i n  ............................. .. . . .  4 ,9  gms. %
N o n -p ro te in  n i t r o g e n  . . .  ...............28 mgms. %
T h e r e a f t e r  he s p e n t  m ost o f  h i s  l i f e  i n  h o s p i t a l
w i th  w ax ing  an d  w aning  oedema b u t no im p a irm en t o f  r e n a l
f u n c t io n  a s  t e s t e d  by u re a  c le a r a n c e  t e s t s .  D u rin g  one
week when he had  a sudden  in c r e a s e  i n  oedema* h i s  b lo o d
show ed r e d  c e l l s  6 *185*000 p e r  c.mm.* haem og lob in  126$
an d  a  week l a t e r  when oedema was d im in ish in g *  th e  c o u n t
f e l l  to  r e d  c e l l s  4 *790*000  p e r  c.mm.* haem og lob in  98$ .
T h is  boy r e p e a te d ly  showed f l u c t u a t i o n s  i n  h i s  r e d  c e l l
coun t*  a s s o c i a t e d  w i th  ch an g es  i n  oedema* s i m i l a r  to  th e
exam ple q u o te d  th o u g h  l e s s  e x tre m e . Some o f  th e s e
f l u c t u a t i o n s  a r e  r e p r e s e n te d  d i a g r a m s t i c a l ly  i n  C h a r t  4*
U ltim a te ly *  20 m onths a f t e r  th e  f i r s t  e x a m in a tio n
he d e v e lo p e d  c e l l u l i t i s  o f  h i s  th ig h s  an d  abdom ina l w a ll
an d  a  g e n e r a l i s e d  p e r i t o n i t i s  w h ich  c a u se d  h i s  d e a th .
I n  th e  c o u rs e  o f  t h i s  f a t a l  i n f e c t i o n  he d e v e lo p ed
a s e v e re  an aem ia :
Red b lo o d  c e l l s  . . .  . . .  . . .  . . .  2*785*000 p e r  c.mm.
H aem oglobin  . . .  . . .  . . .  . . .  . . .  48$
W hite  b lo o d  c e l l s  . . .  . . .  . . .  2 7 ,3 0 0  p e r  c.mm.
R e t i c u lo c y te s  . . . .  . . .  . . . . . .  4 .0 ^
Serum  P r o t e i n  . . . .  . . .  . . . . . .  5*73 gms. $
N o n -p ro te in  n i t r o g e n  . . .  . . .  . . .  34*2 mgms. %
On p o s t  m ortem  e x a m in a tio n  he was fo u n d  to  have a
g e n e r a l i s e d  pneum ococcal p e r i t o n i t i s  and  b o th  k id n e y s  p r e s e n te d
t h e /
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th e  c h a r a c t e r i s t i c  f e a t u r e s  o f  l i p o i d  n e p h ro s is*
W»G-» -  age  6 y e a rs*
T h is  boy had  bone tu b e r c u lo s i s  a t  4  y e a r s .  D u rin g  
th e  y e a r  b e fo re  a d m iss io n  to  Y o r k h i l l  H o s p i ta l  he  s p e n t  t e n  
m onths i n  two o th e r  h o s p i t a l s  w i th  oedem atous n e p h r i t i s .
On a d m is s io n  he had  w id e sp re a d  oedema and  a s c i t e s #  
g r o s s  a lb u m in u r ia  an d  many c a s ts #  b u t  no r e d  c e l l s #  i n  h i s  
u r in e .  The M antoux t u b e r c u l i n  t e s t  was p o s i t iv e *  B lood  
p r e s s u r e  1 0 6 /7 0  mm* Hg. The b lo o d  f in d in g s  w ere :
Red b lo o d  c e l l s  . . .  
H aem oglobin  . . *  
W hite  b lo o d  c e l l s  
R e t i c u lo c y te s  . . .  
p a ck e d  c e l l  volume 
Serum p r o t e i n  . . .  
N o n -p ro te in  n i t r o g e n
.  • 
*.
4 , 09 0 ,0 0 0  p e r  c.mm*
78#
• • 23 ,5 0 0  p e r  c.mm* 
1. 2#
3 9 .0 #
•• 4 .57  gms* #
.* 27*8 mgms* #
.  • 
• .
The oedema g r a d u a l ly  d is a p p e a re d  and s i x  m onths l a t e r  
when he was t r a n s f e r r e d  to  a n o th e r  h o s p i t a l  h i s  u r in e  was 
unchanged  b u t  h i s  b lo o d  c o u n t showed*
Red b lo o d  c e l l s  . . .  
H aem oglobin  . . .  
W hite  b lo o d  c e l l s  
P acked  c e l l  volume 
Serum P r o t e i n  . . .  
N o n -p ro te in  n i t r o g e n
••  5 , 1 90 ,000  p e r  c.mm*
. .  1 3 ,3 0 0  p e r  c .nm . 
. .  48*3#
. •  5 .9 6  gms. #
. .  3 8 .6  mgms. #
I .D .  -  age  4  y e a r s .
The g i r l  had  a no rm al c h ild h o o d . T hree  days b e fo re  
a d m iss io n  sh e  became l i s t l e s s  w ith  a n o re x ia  and  v o m itin g  and  
h e r  f a c e  was p u ffy *  Two d ays l a t e r  h e r  f a c e ,  le g s  and  
abdomen became g r e a t l y  sw o llen*
O n/
On a d m is s io n  sh e  had a n a sa rc a *  a s c i t e s *  and  f l u i d  i n  
b o th  p l e u r a l  c a v i t i e s .  H er u r in e  c o n ta in e d  much album in* a 
few  c a s t s  and  o n ly  o c c a s io n a l  r e d  b lo o d  c e l l s .  The b lo o d  
p r e s s u r e  was 8 5 /6 0  mm. Hg. D u rin g  th e  n e x t se v e n  m onths 
sh e  had  s e v e r a l  i n f e c t i o n s  and  oedema v a r i e d  fro m  tim e  to  
t im e . When th e  p r e s e n t  s e r i e s  o f  e x a m in a tio n s  w ere 
commenced sh e  was r e c o v e r in g  fro m  a r e s p i r a t o r y  i n f e c t i o n  
b u t  i n  th e  c o u rs e  o f  th e  n e x t f i v e  w eeks sh e  d e v e lo p e d  a 
g e n e r a l i s e d  p e r i t o n i t i s  and  d ie d .
The low c o u n ts  o b ta in e d  i n  t h i s  p a t i e n t  a r e  a t t r i b u t e d  
to  th e  p y o g e n ic  i n f e c t i o n s  from  w hich  sh e  s u f f e r e d .  B lood  
e x a m in a tio n s  w ere done on s i x  o c c a s io n s  an d  e ac h  was 
s i m i l a r  to  th e  f i r s t  one w h ich  re c o rd e d :
...Bed b lo o d  c e l l s  . . .  
H aem oglobin  . . .  . . .
W hite  b lo o d  c e l l s  . . .  
P acked  c e l l  volum e 
N o n -p ro te in  n i t r o g e n
... . . .
• . . .  3*310*000 p e r  c.mm.• ... 66%
• . . .  1 7 ,3 0 0  p e r  c.mm.
32 .
33*3 mgms. %
. ... . ...
E.G-. -  age  3 y e a r s .
The boy had  a  norm al c h ild h o o d  u n t i l  f o u r  days b e fo re  
a d m is s io n  when h i s  f a c e  became p u f fy  and  th e  s w e l l in g  r a p id ly  
s p r e a d  th ro u g h o u t h i s  body .
On a d m is s io n  to  h o s p i t a l  he had  g e n e r a l i s e d  oedema* 
th e  u r in e  c o n ta in e d  a lb u m in  (20 p a r t s  E sbach)*  num erous c a s ts *  
b u t  no r e d  c e l l s .  B lood  p r e s s u r e  8 2 /5 3 ma.Hg. The M antoux 
tu b e r c u l i n  t e s t  was n e g a t iv e .
B lood  e x a m in a tio n  show ed:
R ed /
3 5 .
Red b lo o d  c e l l s  *•• 
H aem oglobin  • • •  
W hite  b lo o d  c a l l s  
R e t i c u lo c y te s  • •« 
P ack ed  c e l l  volume 
Serum  P r o t e i n  • •• 
N o n -p ro te in  n i t r o g e n
•• 4 *055*000  p e r  c.mm* 
. .  70$
«• 13*900  p e r  c*mm*
• •  l • 4 $
••  33*0$
. .  3*61 gms* $
• •  23*9 mgms* $
Ten days l a t e r  he was fo u n d  to  have w hooping cough and  
was t r a n s f e r r e d  to  a n o th e r  h o s p i t a l .  A t t h a t  tim e  h i s  c o u n t
w as:
Red b lo o d  c e l l s  • • •  
H aem oglobi n • • •
W hite  b lo o d  c e l l s  
R e t ic u lo c y te s  • • •  
P ack ed  c e l l  volum e 
N o n -p ro te in  n i t r o g e n
• •  4*775*000 p e r  c*ram*
•  • 86$
•• 2 2 ,1 0 0  p e r  c.mm*
. .  1 .1 $
*• 4 2 * 0$
•* 27*0 mgms* $
I t  i s  n o t ic e a b le  i n  t h i s  c a se  w i th  w hooping cough 
t h a t  th o u g h  th e  i n f e c t i o n  s t im u la te d  a le u c o c y to s i s  i t  d id  
n o t  l e a d  to  th e  r a p id ly  i n c r e a s in g  anaem ia w h ich  i s  so  
c h a r a c t e r i s t i c  o f  p y o g e n ic  i n f e c t i o n s  i n  th e s e  p a t i e n t s *
I t  i s  c la im e d  t h a t  th e s e  r e s u l t s  j u s t i f y  th e  s ta te m e n t  
t h a t  anaem ia i s  n o t u s u a l  i n  n e p h ro t ic  n e p h r i t i s  i n  th e  
a b sen c e  o f  p y o g en ic  i n f e c t i o n  b u t  su c h  p a t i e n t s  a r e  e s p e c i a l l y  
s u s c e p t ib l e  to  th e s e  i n f e c t i o n s  and  when th e y  do o c c u r , a 
r a p id ly  p r o g r e s s iv e  and  s e v e re  n o rm o cy tic , o r th o c h ro m ic , o r  
s l i g h t l y  hypochrom ic anaem ia r e s u l t s .  T here  i s  a w e l l  
m arked r e t i c u l o c y t o s i s  and i f  th e  p y o g e n ic  i n f e c t i o n  i s  o v e r­
come, r e g e n e r a t io n  o f  th e  b lo o d  o c c u rs  r a p id ly  in  s p i t e  o f  
th e  p e r s i s t e n c e  o f  n e p h ro t ic  n e p h r i t i s *
3* N e p h r o s c le r o s is *
Of th e  e ig h t  s u b je c t s  s tu d ie d  in  t h i s  s e c t io n *  th r e e
( J . D . , /
( j . D . , R .L . , P .B . ) w ere r e n a l  d w a rfs  and  th e  o th e r  f i v e  had  
s im p le  n e p h ro s c le ro s is *  The th r e e  dw arfs  w ere t y p i c a l  
exam p les o f  th e  d is e a s e , w i th  s e v e re  t h i r s t ,  p o l y u r i a ,  
l a s s i t u d e  and  f a i l u r e  t o  grow . X -ra y s  o f  t h e i r  w r i s t s  
show ed th e  changes c h a r a c t e r i s t i c  o f  r i c k e ts *
One ( J .D . )  had  a d o u b le  h y d ro n e p h ro s is  an d  a c h ro n ic  
p y u r ia  fro m  w hich  s t r e p to c o c c i  w ere grow n. A n o th e r ( P .B . ) 
had  c o n s id e r a b le  haem orrhage from  a n  i n ju r y  two weeks b e fo re  
a d m iss io n  to  h o s p i ta l*
P o u r o f  th e  o th e r  f i v e  c a s e s ,  (M. McN*, J.O ** E .D .* 
A .B .)  w ere ad v an ced  exam ples o f  n e p h ro s c le ro s is *  I n  each  
th e  o n s e t  was in s id io u s  w ith  headache and  v o m itin g  a s  
p ro m in e n t f e a t u r e s  and  none o f  them  gave any h i s t o r y  o f  an 
a t t a c k  o f  a c u te  n e p h r i t i s *  They n e v e r had  oedema n o r  w ere 
m ore th a n  s c a n ty  r e d  c e l l s  fo u n d  i n  t h e i r  u r in e  d u r in g  th e  
tim e  th e y  w ere i n  h o s p i t a l .  The s y s t o l i c  b lo o d  p r e s s u r e  
was a t  some tim e  o v e r  190 mm* Hg* i n  each  c a se  and  th e r e  was 
m ild  a lb u m in u ria *  A l l  had a z o ta e m ia  and  w e l l  m arked n eu ro ­
r e t i n i t i s  an d  r e t i n a l  haem orrhages*
The re m a in in g  c h i l d  (R.M. ) was s i m i l a r  to  th e  f o u r  
c a s e s  d e s c r ib e d  above e x c e p t t h a t  sh e  had g ro s s  u r in a r y  
haem orrhage f o r  n e a r ly  f o u r  w eeks b e fo re  a d m is s io n . T h is  
c h i l d  had  s e v e re  anaem ia on a d m iss io n  an d  d ie d  e ig h t  days 
l a t e r .  She had  r e t i c u l o c y t o s i s  o f  5$» th e  n o n -p ro te in  
n i t r o g e n  was 142*8 mgms* % and  th e  serum  p r o t e i n  7 .2 3  gms* $ ,  
t h e /
th e  p a ck e d  c e l l  volum e was 24*3$  and  th e  i n d i r e c t  van  den 
B erg h  r e a c t i o n  am ounted to  o n ly  1 u n i t .  The b lo o d  p r e s s u r e  
was 190 /130  mm. Hg. The c h i ld * s  u r in e  was b r i g h t  r e d  w i th  
f r e s h  b lo o d . The p o s t  mortem e x a m in a tio n  on t h i s  g i r l  
d i s c lo s e d  a lo n g  s ta n d in g  c h ro n ic  n e p h r i t i s  w i th  a sm a ll  
a t r o p h ic  r i g h t  k id n e y  and a l a r g e r  l e f t  k id n e y . T here  w ere 
d e v e lo p m e n ta l a b n o rm a l i t ie s  i n  th e  v a s c u la r  sy s te m  o f  th e  
r i g h t  k id n e y  w ith  s t e n o s i s  o f  th e  r i g h t  r e n a l  a r t e r y  and 
th e  haem orrhage had  come fro m  g r a n u la t io n s  i n  th e  p e l v i s  o f  
t h i s  k id n e y .
I t  was n o t d is c o v e re d  why th e  r e n a l  dw arf ( R .L . ) was 
so  v e ry  anaem ia b u t  a s  he had  a r e t i c u l o c y t o s i s  o f  5% and  h i s  
haem og lob in  ro s e  7% i n  f i v e  days on t r e a tm e n t  w i th  f e r r o u s  
s u lp h a te ,  i t  i s  p l a i n  t h a t  he was n o t  s u f f e r i n g  from  th e  ty p e  
o f  anaem ia to  be d e s c r ib e d  below .
W ith  r e g a r d  t o  th e  o th e r  c h i ld r e n  i n  t h i s  g ro u p , 
r e f e r e n c e  to  T ab le  8 shows t h a t  i n  th e s e  p a t i e n t s ,  w i th  one 
e x c e p t io n ,  no anaem ia has b e en  fo u n d  i n  th e  ab sen ce  o f  
haem orrhage o r  i n f e c t i o n  and  w here th e s e  c o m p lic a tio n s  
e x i s t e d  th e  b lo o d  showed a m arked r e t i c u l o c y t o s i s ,  and  a s  
so o n  a s  th e  haem orrhage was c o n t r o l l e d ,  o r  th e  i n f e c t i o n  
overcom e, th e  b lo o d  co u n t ro s e  s t e a d i l y .  T h is  seq u en ce  o f  
e v e n ts  i s  w e l l  se en  i n  th e  p a t i e n t  B*D. H er r e d  c e l l  c o u n t 
was o v e r  f i v e  m i l l io n s  p e r  c.mm. i n  O ctober an d  h e r  b lo o d  
p r e s s u r e  was 2024/ 1/4.8 mm*Hg* (T ab le  9)* A bout th r e e  w eeks 
l a t e r /
TABLE 8 .
THE BLOOD IN NEPHROSCLEROSIS.
Name*
Red c e l l s  
p e r  c.ram.
Hb. p e r  
c e n t  
(H a ld an e )
W hite c e l l s  
p e r  c.ram.
P acked  c e l l  
volum e 
p e r  c e n t N o te s .
J .D . 4 , 2 60 ,000 74 10 ,800 4 0 .2 U rin a ry
I n f e c t i o n .
M.McN< 5 ,4 1 5 ,0 0 0 108 7 ,8 0 0 4 4 .7
J .C . 4 ,3 7 5 ,0 0 0 86 11 ,700 4 3 .8
R.M. 2 , 4 6 0 ,0 0 0 50 11 ,200 2 4 .3 H aem orrhage
E.D . 5 , 3 3 0 ,0 0 0 99 - 4 1 .0
R .L . 2 , 2 05 ,000 43 6 ,9 0 0 2 2 .0 Cause o f  
anaem ia un­
d e te rm in e d .
A • 3* 5 , 185 ,000 100 1 3 ,9 0 0 5 1 .5
P .B . 3 , 890 ,000 58 1 0 ,0 0 0 34 .1 I n ju r y
h aem orrhage .
TABLE 9»
THE BLOOD FOLLOWING HAEMORRHAGE IN NEPHROSCLEROSIS.
Name. D a te .
Red c e l l s  
p e r  c.mm.
Hb. p e r  
c e n t  
(H a ld an e)
P acked  
volume c l.  
u e r  c e n t .
W hite
c e l l s
R e t ic u lo ­
c y te s  p e r  
c e n t  o f
. .  ,
E« D. 16 Oct* 5 ,3 3 0 ,0 0 0 99 41
tt 11 Nov. 2 , 970 ,000 58 24 11 ,800 4 .6
it 25 Nov. 4 , 025 ,000 80 33 10 ,800 3 .2
l a t e r  s e v e r a l  c a r io u s  t e e t h  w ere e x t r a c t e d  and d u r in g  t h a t  
n ig h t  she  had s e v e re  haem orrhage fro m  th e  to o th  s o c k e t s  and  
i n  th e  c o u rs e  o f  th e  n e x t few  days h e r  r e d  c e l l  c o u n t f e l l  
below  3 m i l l io n s  p e r  c.mm. The haem orrhage was c o n t r o l l e d  
w i th  some d i f f i c u l t y *  She d e v e lo p e d  an im m edia te  
r e t i c u l o c y t e  re s p o n se  o f  4  -  5% and  w i th in  two weeks h e r  
b lo o d  co u n t was o v e r  4  m i l l io n s  p e r  c.mm. and  h e r  haem og lob in  
80$ . She th e n  l e f t  h o s p i t a l  an d  f u r t h e r  e x a m in a tio n  was 
im p o ss ib le *
T hese o b s e rv a t io n s  do n o t s u p p o r t  th e  c o n te n t io n  o f  
P a rso n s  and  E k o la  -  s t r o l b e r g  (1933) t h a t  anaem ia and 
a zo tae m ia  a r e  c lo s e ly  r e la te d *  No anaem ia h as been  fo u n d  i n  
n e p h r o s c le r o s i s  e x c e p t when haem orrhage o r  i n f e c t i o n ,  o c c u rs  
a s  a c o m p lic a tio n  and  f u r t h e r ,  th e  anaem ia t h a t  th e n  d e v e lo p s , 
re sp o n d s  r e a d i l y  to  s im p le  t r e a tm e n t .
4* C h ro n ic  H aem orrhag ic  N e p h r i t i s *
The f i v e  p a t i e n t s  i n  t h i s  g roup  were a l l  s u f f e r in g  
fro m  a c h ro n ic  fo rm  o f n e p h r i t i s *  I n  f o u r  o f  them  th e r e  was 
a c l e a r  h i s t o r y  o f  an  i n i t i a l  a t t a c k  o f  a c u te  n e p h r i t i s  w ith  
h a e m a tu r ia , oedem a, and  c o n s t i t u t i o n a l  u p s e t .  I n  th e  o th e r  
c a se  ( P .C . ) th e  i l l n e s s  d a te d  fro m  an  a t t a c k  o f  pneum onia 8 
m onths b e fo re  a d m is s io n . He was known to  have a lb u m in u ria  
im m e d ia te ly  a f t e r  th e  pneum onia.
W hile  i n  h o s p i t a l  e a c h  o f  th e s e  c h i ld r e n  had 
a lb u m in u r ia ,  h a e m a tu r ia , and num erous c a s t s  i n  t h e i r  u r in e .  
T h e /
3 9
The s y s t o l i c  b lo o d  p r e s s u r e  was m o d e ra te ly  i n c r e a s e d ,  u s u a l ly  
ra n g in g  fro m  120 to  11^ .0 mm* Hg*, th e r e  was a m o d era te  d e g re e  
o f  a z o ta e ra ia , and  oedema t h a t  v a r i e d  i n  amount fro m  tim e to  
tim e*
The c a s e s  i n  t h i s  g roup  a re  c o n s id e re d  to  c o n s t i t u t e  
an  e n t i r e l y  d i f f e r e n t  d i s e a s e  fro m  n e p h r o s c le r o s i s  (van  S ly k e  
e t  a l . 1930)* They d i f f e r  fro m  i t  i n  t h a t  th e  d i s e a s e  began  
a s  an  a p p a r e n t ly  s im p le  a c u te  n e p h r i t i s  w hich  p a s s e d  in to  a 
s u b a c u te  and c h ro n ic  s ta g e  w ith  h a e m a tu r ia  oedem a, and  
m o d era te  h y p e rp ie s ia *  I n  n e p h r o s c le r o s i s ,  on th e  o th e r  hand , 
th e  o n s e t  i s  i n s id io u s  w ith o u t  h a e m a tu r ia  o r  oedema a n d , 
e x c e p t  i n  r e n a l  d w arfism , th e r e  i s  a v e ry  h ig h  b lo o d  p r e s s u r e  
w ith  a s s o c i a t e d  r e t i n a l  changes*
B r i e f  n o te s  on e a c h  p a t i e n t  i n d i c a t e  th e  m ain c l i n i c a l  
f in d in g s  and  th e  c h a r a c t e r i s t i c  haem ato logy  i s  shown i n  th e  
r e c o rd s  o f  t h i s  g roup  o f  p a t i e n t s  i n  ap p en d ix  1* The r e c o rd s  
o f  o n ly  f o u r  o f  th e s e  p a t i e n t s  a re  re c o rd e d  i n  th e  ap p en d ix  a s  
th e  f i f t h  was s t u d i e d  m ain ly  f o r  o th e r  p u rp o s e s , and  th e  
h a e m a to lo g ic a l  f in d in g s  a re  in c lu d e d  i n  th e  t e x t .
P*C* M ale ag ed  7 y e a r s *
H is to r y ? E ig h t  m onths b e fo re  a d m iss io n  to  h o s p i t a l  
he had  pneum onia and  was i n  a n o th e r  h o s p i t a l  f o r  two m o n ths . 
S in c e  th e n  he has had  p e r s i s t e n t  a lb u m in u r ia ,  h i s  f a c e  has 
b een  p u f f y  i n  th e  m orn ings and  o c c a s io n a l ly  h i s  f e e t  w ere 
s w o lle n  a t  n ig h t*
O n/
On a d m iss io n  to  h o s p i t a l  he had s l i g h t  oedem a; un­
h e a l th y  t o n s i l s  and  th e  b lo o d  and  u r in e  f i n d in g s  w ere a s
f o l lo w s :
Red b lo o d  c e l l s  • • •
W hite  b lo o d  c e l l s  
H aem oglobin  • • •
C o lo u r In d e x  
P ack ed  c e l l  volume 
R e t i c u lo c y te s  . . .
B o n -p ro te in  n i t r o g e n  
Serum P r o t e i n  . . .
B lood  p r e s s u r e  . . .
U r in e :  A lbum in . . .
(24 h rs) B lood  . • .
Volume • • •
Oedema soon  d is a p p e a re d  b u t  o th e rw is e  h i s  c o n d i t io n  
rem a in ed  more o r  l e s s  unchanged* The r e t i c u l o c y t e  co u n t 
v a r i e d  be tw een  0 .6  $  and  3* b u t  i n  s p i t e  o f  v ig o ro u s  
t r e a tm e n t  w i th  i r o n ;  l i v e r ;  and  a s c o r b ic  a c id ;  anaem ia 
p e r s i s t e d  and  f o u r  m onths a f t e r  th e  c o u n ts  re c o rd e d  above; 
h i s  b lo o d  was a lm o s t unchanged . Two y e a r s  l a t e r  th e  boy d ie d  
a t  home; h i s  i l l n e s s  h av in g  l a s t e d  2 y e a r s  8 m on ths.
J .C .  Male ag ed  5 y e a r s .
H i s t o r y : S w e ll in g  o f  th e  abdomen f o r  two y e a r s  a n d  f r e q u e n t
a t t a c k s  o f  t o n s i l l i t i s .  Two weeks b e fo re  a d m iss io n  h is  
u r in e  was n o t ic e d  to  be d a rk  r e d  i n  c o lo u r  and two days b e fo re  
a d m iss io n  he  d e v e lo p e d  a n o re x ia ;  n a u sea ; and l i s t l e s s n e s s .
On a d m iss io n  he had s l i g h t  oedema and  th e r e  was m o d era te  
a s c i t e s .  When f i r s t  s tu d ie d ;  th e  b lo o d  and  u r in e  e x a m in a tio n  
gave  th e  fo l lo w in g  r e s u l t s :
Red b lo o d  c e l l s /
•  H r J U .  111111.
• 11,^00 per c.mm.
• 70#
.  0 .9
• 3 6 .4 #
. 2 . 3%
• 41*0 mgms. %
• 5«49 gms. %
• 134 /80  ram. Hg.
!
• 4*0 parts Esbach |
• 12 m illio n  red c e l l s ,  j . 1
Hed b lo o d  c e l l s  . . .  
W hite  b lo o d  c e l l s  
H aem oglobin  • •  •
C o lo u r In d e x  . . .
P ack ed  c e l l  volum e 
R e t i c u lo c y te s  • • •  
N o n -p ro te in  n i t r o g e n  
Serum  P r o t e in  
B lood  p r e s s u r e
U r in e :  A lbum in . . .
(24  h rs )B lo o d  . . .
Volume • • •
. • 2 ,4 4 0 ,OCX) per c.mm.
• • 6 ,400 per c.ram.
• • 44$
•  •  0 #  9 
•• 25.4$
•• 0 . 6%
•• 57*5 mgms. %
• • 5*09 gms. %
• • 100/70 mm. Hg.
•• 4*5 parts Esbach
• • 4 0 0  m illio n  red c e lls  
•• 770 c .c .
Oedema d is a p p e a r e d ,  b u t  a s c i t e s  an d  h a e m a tu ria  p e r ­
s i s t e d ,  a n d , th o u g h  he was s l i g h t l y  l e s s  a n a e m ic , h i s  g e n e r a l  
c o n d i t io n  had  n o t im proved  s i x  weeks l a t e r ,  when he was 
t r a n s f e r r e d  to  a n o th e r  h o s p i t a l .
A.A. Fem ale ag ed  8 y e a r s .
H i s t o r y : S c a r l e t  f e v e r  and  i l l  f o r  s i x  m onths w ith  k id n ey
d is e a s e  when 7 y e a r s  o ld .  S ix  m onths b e fo re  a d m iss io n  h e r  
f a c e  became p u f fy  and  l a t e r  h e r  l e g s  and  a rm s. F iv e  weeks 
b e fo re  a d m iss io n  sh e  had a f e b r i l e  i l l n e s s  and  th e  s w e l l in g
becam e w orse and  she  had  headache and vcpm iting.
On a d m iss io n  sh e  had  w e ll  m arked oedema and  m o d era te
h a e m a tu r ia  and  th e  s t a t e  o f  th e  b lo o d  and  u r in e  was a s
f o l l o w s : -
Red b lo o d  c e l l s /
Red b lo o d  c e l l s  . . .  
W hite b lo o d  c e l l s  
H aem oglobin  . . .
C o lo u r In d e x  . . .
p ack ed  c e l l  volume 
R e t i c u lo c y te s  • • • 
N o n -p ro te in  n i t r o g e n  
Serum P r o t e in  
B lood  p r e s s u r e
• • • 
•  •  •
U rin e :  A lbum in . . .
B lood  
Volume
•  •  •  
•  •  «
• 3*625*000  p e r  c.mm.
• 13*600 p e r  c.mm.
. 68$
. 0 .9  
. 2 9 .0 $. 1 . 1%
• 2 8 .7  mgms. %
• 3 .2 5  gm s. %
• 1 2 4 /7 8  mm. Hg.
• 2 .0  p a r t s  E s b a c h .
• 691 m i l l i o n  r e d  c e l l s  
.  320  c . c .
Oedema s lo w ly  d is a p p e a re d  o n ly  to  come and go l a t e r ,  
and  th e  g e n e r a l  c o n d i t io n  rem ain ed  more o r  l e s s  s t a t i o n e r y .
I n  s p i t e  o f  e n e r g e t i c  h a e m a tin ic  th e ra p y  i n  th e  c o u rse  o f  th e  
n e x t s i x  m on ths, th e  r e d  c e l l  co u n t f e l l  to  2 , 970 ,000  p e r  
c.mm. and  th e  haem oglob in  to  58%.
J» S . Male aged  9 y e a r s .
H is to r y :  Two weeks b e fo re  a d m iss io n  h i s  f a c e  became p u f fy
and  he was l i s t l e s s  and o f f  h is  fo o d . One week b e fo re  
a d m iss io n  h i s  u r in e  was n o t ic e d  to  be r e d  and  oedema became 
w id e sp re a d  and  s e v e r e .
On a d m iss io n  th e r e  was g e n e r a l  a n a s a rc a  and  a s c i t e s ,  
and  much b lo o d  and  a lbum in  i n  th e  u r i n e .  H is  b lo o d  p r e s s u r e  
was 125 /73  mm. H g ., n o n -p ro te in  n i t r o g e n  was 39 mgms. %9 
Serum  P r o t e in  3*45 gms. %• He d e v e lo p e d  b i l a t e r a l  p l e u r a l  
e f f u s io n s  b u t  a f t e r  f o u r  m onths th e  oedema began  to  su b s id e  
g r a d u a l ly .  The b lo o d  f in d in g s  w ere th e n :
R ed/
Red b lo o d  c e l l s  • •• 
W hite  b lo o d  c e l l s  
H aem oglobin  • • •
C o lo u r In d e x  • ••
P ack ed  c e l l  volume 
Serum  P r o t e in  * . .
• 3 # 3 8 0 ,0 00 p e r  c.mm




• 3*51 gms* #
T hree  m onths l a t e r  a l l  oedema had s u b s id e d  b u t  h i s  
c l i n i c a l  c o n d i t io n  was o th e rw is e  n o t g r e a t l y  changed  and  he 
s t i l l  had  a lb u m in u r ia  an d  h aem atu ria*  H is  b lo o d  th e n  show ed:
Red b lo o d  c e l l s  • • •  
W hite  b lo o d  c e l l s  
H aem oglobin  • • •
C o lo u r In d e x  • • •
P acked  c e l l  volume 
N o n -p ro te in  n i t r o g e n  
Serum P r o t e in  
B lood  p r e s s u r e
•  •  •  
•  •  •
• 3#735#000 p e r  c.mm*
• 14#200 p e r  c*mm*
• 68#
. 0 , 9
. 33 .0#
•  72*5  mgms* #
• 3*96 gms. #
• 110/68 ram* Hg*
He was th e n  t r a n s f e r r e d  to  a c o n v a le s c e n t  home where 
he d ie d  a b o u t two y e a r s  l a t e r *
J .R .  M ale a g ed  7 y e a r s *
H is to r y :  E ig h te e n  m onths b e fo re  a d m iss io n  he d e v e lo p e d
n e p h r i t i s  w ith  oedema and h a e m a tu r ia .  The oedema and  
h a e m a tu r ia  c le a r e d  up i n  a few  m onths b u t  a lb u m in u ria  
p e r s i s t e d *  One m onth b e fo re  a d m iss io n  he became f e v e r i s h  
a n d  began  vom itin g *  One week b e fo re  a d m iss io n  in c r e a s in g  
s w e l l in g  o f  h i s  abdomen and f a c e  was n o t ic e d  and  he was 
p a s s in g  vei*y l i t t l e  u rin e*
On a d m iss io n  he had  oedema o f th e  back  and l e g s ,  
a s c i t e s  and  b i l a t e r a l  p l e u r a l  e f f u s io n s .  H is b lo o d  p r e s s u r e  
was 124 /78  ram* Hg* and  th e  u r in e  c o n ta in e d  album in# b lo o d  and 
many g r a n u la r  c a s ts *  D iu r e s i s  g r a d u a l ly  a p p e a re d  and  he 
s o o n /
soon lo s t  7 Kilograms of oedema, but throughout h is s ta y  in
h o sp ita l albuminuria persisted*  He was seen sev era l times
during the fo llo w in g  two years and there was always albumin-
in  the urine* He died at home four years a f te r  the onset
of the disease*
When the boy was f i r s t  seen h is  blood counts gave the
fo llow in g  r e s u lts :
Red blood c e l l s  • ••
White blood c e l l s  
Haemoglobi n •••
Colour index • • •
Packed c e l l  volume 
R eticu locy tes • • •
Non-protein nitrogen  
Serum P rotein  •••
Blood pressure •••
Urine: Albumin • • •
Blood • • •
Volume • • •
Three months la te r  h is  blood count was su b sta n tia lly  
the same*
• • • •  3*723*000 p e r  c*mm*
• • • •  6 ,0 0 0  p e r  c*mm*
• • • • 7 2$»
• • • • 1*0
. . . .  39*0$
• * *• 0 *4%
• • • •  2km8 mgms* %
• • • • 7* 2 gms* %
• • • •  124 /78  ram* Hg*
• • • •  0*5 p a r t s  Esbach*
• • • •  139 m ils*  r e d  c e l l s *
• • • •  410 c*c*
I t  i s  i n  t h i s  g roup  and  i n  t h i s  g roup  a lo n e ,  t h a t  
th e  c h a r a c t e r i s t i c  anaem ia o f  n e p h r i t i s  had b e en  fo u n d  to  
occur*  The d i f f e r e n c e  betw een  th e  b lo o d  f i n d in g s  i n  t h i s  
g ro u p  (T a b le  1 0 ) and  th o s e  i n  th e  o th e r  g ro u p s  (T a b le s  5 , 6 , 
7 ,  8 ) i s  s t r i k in g *  I n  t h i s  ty p e  o f  th e  d i s e a s e  th e r e  i s  
c o n s id e r a b le  anaem ia  w ith  a s l i g h t l y  g r e a t e r  r e d u c t io n  in  
th e  haem oglob in  th a n  i n  th e  number o f  r e d  c e l l s ,  g iv in g  a 
c o lo u r  in d e x  o f  0*93* The mean c o rp u s c u la r  volume a t  94 
c u b ic  m ic ro n s  i n d i c a t e s  t h a t  th e  c e l l s  a re  o f  norm al s i z e  
o r  s l i g h t l y  l a r g e r  th a n  n o rm al, a f in d in g  i n  ag reem en t w ith  
Townsend, Mas s i  e & Lyons (1937)* The e x a m in a tio n s  made 
a b o u t th r e e  m onths l a t e r  show p r a c t i c a l l y  no change i n  th e  
s t a t e  o f  th e  b lo o d  i n  s p i t e  o f  t r e a tm e n t  w i th  i r o n ,  v i ta m in  
C an d  l i v e r  e x t r a c t*  prom T ab le  10 i t  w i l l  be s e e n  t h a t  
a s s o c i a t e d  w i th  th e  anaem ia th e r e  was a s l i g h t  le u c o c y to s is *  
F ilm s  show ed th e  r e d  c e l l s  w e l l  c o lo u re d  and  f a i r l y  u n ifo rm  
i n  s i z e  and  sh a p e ; d i f f e r e n t i a l  w h ite  c e l l  c o u n ts  on f o u r  
o f  th e s e  c h i ld r e n  a r e  re c o rd e d  i n  T ab le  11* No abnorm al 
r e d  o r  w h ite  c e l l s  w ere seen* T hree  o f th e  c h i ld r e n  showed 
a s l i g h t l y  in c r e a s e d  p r o p o r t io n  o f  lym phocy tes and  one had  
e o s in o p h y lia  o f  3*3$ . The number o f  r e t i c u l o c y t e s  was l e s s  
th a n  th e  d e g re e  o f  anaem ia w ould  w a r ra n t  b u t  n e v e r am ounted 
to  l e s s  th a n  0.4% o f  th e  r e d  c e l l s  i n  any o f  th e  36 c o u n ts  
w h ich  w ere made*
SUMMARY/
SABLE 10*
THE BLOOD IN CHRONIC HAEMORRHAGIC NEPHRITIS*
Soon a f t e r  a d m iss io n  to  
H o s p i t a l .
A pprox . 3  m onths a f t e r  
a d m iss io n  to  H o s p i t a l .
Name*
Red c e l l s  






c e l l s
p e r
c.mm.
R .B .C .
v o l .
* Name.
Red 
c e l l s  
m i l s ,  









v o l .
P.O . 4 .0 3 5 70 11 ,400 3 6 .4 P .O . 3 ,5 4 0 64 11,500 33 .9
J .C . 2 .4 4 0 44 6 ,4 0 0 2 5 .4 J .C . 2 .9 9 0 52 12,200 29*8
A. A. 3# 625 68 13*600 2 9 .0 A.A. 3 ,0 0 0 60 8,300 3 0 .0
J .S . 3 .3 8 0 67 9 ,2 0 0 3 1 .0 J .S . 3 .7 3 5 68 14,200 35 .0
J .R . 3# 725 72 6 ,0 0 0 3 9 .0 J .R . 3 .7 3 0 64 7,740 -
A ver­
age. 3 .441 6 4 .2 9 ,320 3 2 .2
Aver­
a g e . 3 .3 9 9 63.6 10,788 32 .2
A verage c o lo u r  in d e x  -  0 .9 3  A verage c o lo u r  in d e x  -  0 .9 4
A verage mean c o rp u s c u la r  A verage mean c o rp u s c u la r
volume -  94 c* m ic ro n s . volume -  95 c* m ic ro n s .
TABLE 11*
DIFFERENTIAL COUNTS OP NUCLEATED CELLS IN A GROUP OF CHILDREN 
WITH CHRONIC HAEMORRHAGIC NEPHRITIS.
Name
N e u tro ­
p h i l
P o ly ­
m orphs
Baso­
p h i l
P o ly ­
m orphs
E o sin o ­
p h i l




e v te s
Lympho­
c y te s
Normo—
b la s t s -
Myelo
cy.taa
R e t i c u lo ­
c y te s
Jfehqgfe Lowest
P .C . 47 0 1 .0 9 43 0 0 3*1 0 .8J .  C. 60 0 0 2 38 0 0 0 .6 0*5A.A. 46 0 .5 3 .5 5 45 0 0 2 .6 0 .6J .R . 75 2 .0 0 0 23 0 0 0 .6 0 .4
F ig u re s  a l l  p e r  c e n t ,  o f  a l l  w h ite  c e l l s  e x c e p t r e t i c u l o c y t e s  w hich  
a re  p e r  c e n t ,  r e d  c e l l s .
SUMMARY
Summarising the inform ation obtained regarding the 
in c id en ce , type, and degree of anaemia found in  th is  s e r ie s  
o f  ch ild ren  w ith n ep h r itis , the fo llow in g  observations have 
been made*
(a) In acute haemorrhagic n ep h ritis  there i s  a very s l ig h t
normocytic orthochromic anaemia which i s  probably o f no
sp e c ia l sign ifican ce*
(b) In nephrotic n ep h ritis  anaemia occurs only in  a sso c ia tio n
w ith  acute pyogenic in fection *  When i t  occurs, the
anaemia i s  noimocytic and orthochromic or s l ig h t ly  
hypochromic, i t  develops rap id ly , and there i s  
spontaneous recovery from anaemia, i f  the acute in fe c t io n  
i s  cured*
(c ) In  n ep h rosclerosis, anaemia may occur from haemorrhage or 
pyogenic in fection *  I t  i s  o f the same type as in  
nephrotic n ep h ritis  and when the cause i s  removed 
spontaneous recovery ensues*
(d) In chronic haemorrhagic n ep h ritis  there i s  a moderately 
severe nom ocytic orthochromic anaemia which shows no 
tendency to spontaneous recovery and i s  almost e n t ir e ly  un­
in fluenced  by treatment w ith l iv e r  ex tra c t, iron  and 
vitam in C* The proportion o f r e ticu lo cy te s  i s  about
the normal le v e l  and there i s  a s l ig h t  leu cocytosis*
4 7 .
PART IV,
THE ETIOLOGY- Off ANAEMIA IN NEPHRITIS*
The i n v e s t i g a t i o n s  d e s c r ib e d  i n  t h i s  s e c t i o n  w ere
c o n c e rn e d  m a in ly  w i th  an  a t te m p t to  e lu c id a t e  some o f  th e
f a c t o r s  in v o lv e d  i n  th e  e t io lo g y  o f  anaem ia i n  n e p h r i t i s *
S e v e ra l  s u g g e s t io n s  have b een  p u t  fo rw a rd  to  e x p la in  th e
developm en t o f  anaem ia i n  n e p h r i t i s  b u t  none o f  them  has
p ro v e d  c o n c lu s iv e  n o r  c o n t r ib u te d  a n y th in g  o f  v a lu e  to  th e
t r e a tm e n t  o f  th e  d is e a s e  and  i t  i s  s t i l l  g e n e r a l ly  a g re e d
t h a t  th e  cau se  o f  anaem ia i n  n e p h r i t i s  rem ain s q u i te  unknown*
The anaem ia t h a t  i s  fo u n d  i n  n e p h r i t i s  i s  a
n o rm o cy tic  o r th o ch ro m ic  anaem ia w hich  o c c u rs  i n  th e  c h ro n ic
h aem o rrh ag ic  ty p e  o f  n e p h r i t i s ,  i s  m o d e ra te ly  se v e re *
a s s o c i a t e d  w i th  s l i g h t  l e u c o c y to s i s ,  s lo w ly  p r o g r e s s iv e  and
q u i te  i n t r a c t a b l e .
On g e n e r a l  p r i n c i p l e s  i t  w ould seem t h a t  th e r e  a r e
o n ly  f o u r  p o s s ib l e  c a u se s  o f  th e  anaem ia .
1* L oss o f  b lo o d  fro m  haem atu ria*
2 . A p p a ren t anaem ia from  b lo o d  d i lu t io n *
3* E x c e ss iv e  h a em o ly s is  o f  r e d  c e l l s *
4* D efective manufacture of red c e lls*
An a t te m p t has been  made to  d e te rm in e  w h ich  o f  th e s e
i s  o p e r a t iv e  by a p p ly in g  a s e r i e s  o f  t e s t s  d e s ig n e d  to  show
any ch an g es i n  h aem o p o iesis  i n d i c a t i v e  o f  one o r  o th e r  o f  them*
1* L oss o f  b lo o d  a s  a r e s u l t  o f  h a e m a tu r ia *
I n  e v e ry  c a se  o f  n e p h r i t i s  t h a t  has been  s tu d ie d ,  r e d
c e l l /
c e l l  c o u n ts  have been  made on th e  u r in e  a s  a means o f  . 
e s t im a t in g  th e  d e g re e  o f  h a e m a tu ria  and  th e  t o t a l  am ount o f  
b lo o d  l o s t  i n  th e  u r i n e .  The m ethod a d o p te d  has been  to  
make a tw e n ty - fo u r  h o u r c o l l e c t i o n  o f  u r in e  fro m  th e  
p a t i e n t ,  th e n ,  a f t e r  th o ro u g h  m ix in g , to  p la c e  a d ro p  o f  th e  
u n t r e a te d  u r in e  on a haem ocytom eter and  co u n t th e  number o f  
r e d  c e l l s  i n  one c u b ic  m i l l im e t r e  o f  u r in e *  Prom t h i s  
c o u n t th e  t o t a l  number o f  re d  c e l l s  i n  th e  w hole spec im en  o f  
u r in e  was c a l c u l a t e d .  T hese u r in a r y  c o u n ts  i n d ic a t e d  a l o s s  
o f  r e d  c e l l s  i n  th e  u r in e  v a ry in g  from  none to  o v e r  1 2 ,0 0 0  
m i l l i o n  p e r  24 h o u rs .
More th a n  300  o f  th e s e  c o u n ts  have been  done on 4 °  
p a t i e n t s  w ith  some form  o f  n e p h r i t i s ;  th e  c o u n ts  i n  m ost 
c a s e s  were made a t  w eekly  i n t e r v a l s .  I n  c o n s id e r in g  
h a e m a tu r ia  a s  a c au se  o f  anaem ia i t  h as been  d e c id e d , how ever, 
to  e x c lu d e  th e  tw e lv e  p a t i e n t s  who were s u f f e r i n g  from  e i t h e r  
n e p h ro t ic  n e p h r i t i s  o r  n e p h r o s c le r o s i s ,  s in c e  h a e m a tu ria  i s  
n o t a f e a t u r e  o f  th e s e  d i s e a s e s  and  when anaem ia o c c u rs  i n  
su c h  p a t i e n t s  i t  i s  c l e a r l y  due to  some o th e r  f a c t o r .  Wo 
v e ry  a c c u r a te  m ethod o f  show ing th e  r e s u l t s  i n  t a b u l a r  fo rm  i s  
p o s s ib l e  b u t  T a b le  1 g iv e s  a rough  id e a  o f  th e  r e l a t i o n s h i p  
be tw een  th e  d e g re e  o f  h a e m a tu ria  a t  th e  s t a r t  o f  th e  i l l n e s s  
an d  th e  e x te n t  o f  th e  anaem ia. The tw e n ty - e ig h t  c a s e s  u n d e r (
c o n s id e r a t io n  have been  d iv id e d  i n to  th r e e  g ro u p s ; 9 s u b je c t s  
w i th  a haem og lob in  l e v e l  o f  10% o r  l e s s ;  8 i n  whom th e  
h a e m o g lo b in /
TABLE 1*
(HOUP 1* GROUP 2*
P a t i e n t s  w i th  H aem oglobin  
70% o r  l e s s .
R.B.C. e x c r e t io n
Hb* Ln m i l l io n s  p e r














p a tien ts  w ith  Haemoglobin 
more than 80#
R .B .C . excretion
Hb* in  m illio n s  per







D. T. 82 161+
W.H. 85 611






P a tien ts  w ith Haemoglobin 
71#  to 80#
R.B.C. excretion
Hb. in  m illio n s  per
Name % 21+ hours*
A,D# 80 3019
A# J. I k 3226
G.C. I k 1*891
F.G. 80 2718
E« R. 78 638
R.M. 71* 81*0
M.W. 80 1*55




T ab le s  to  show a co m parison  
be tw een  th e  d e g re e  o f  anaem ia 
and  th e  s e v e r i t y  o f  h aem atu ria*
The colum n *R.B.C. e x c re t io n *  
i n d i c a t e s  th e  number o f  m i l l io n s  
o f  r e d  b lo o d  c e l l s  e x c r e te d  i n  
th e  u r in e  i n  21+ hours*  The 
haem og lob in  e s t im a t io n s  w ere 
made a b o u t f o u r  w eeks a f t e r  th e  
c o rre s p o n d in g  u r in a r y  r e d  c e l l  
coun ts*
haem oglob in  was from  71$ to  80$ and  11 w ith  haem oglob in  
o v e r  80$* The b lo o d  haem oglobin  f i n d in g s  s e l e c t e d  f o r  
ep in p a riso n  w ith  th e  h a e m a tu ria  w ere th o s e  o b ta in e d  
a p p ro x im a te ly  f o u r  weeks a f t e r  th e  i n i t i a l  u r in a r y  c o u n t.
T h is  i n t e r v a l  was a llo w e d  i n  o rd e r  to  p e rm it  tim e f o r  th e  
haem orrhage to  p ro d u ce  anaem ia , i f  in d e e d  i t  d oes s o .  In  
T ab le  1 i t  w i l l  be se e n  t h a t  th e r e  i s  no m a te r i a l  d i f f e r e n c e  
be tw een  th e  lo s s  o f r e d  c e l l s  i n  g roups "one" and "tw o" w h ile  
i n  g roup  " th r e e "  th e  l o s s  o f r e d  c e l l s  i s  r a t h e r  l e s s .  Group 
" th r e e "  in c lu d e d  a p r o p o r t io n  o f  p a t i e n t s  in  whom th e  d i s e a s e  
was m ild  and who w ere t h e r e f o r e  n o t s e n t  to  h o s p i t a l  a s  e a r l y  
a s  th e  more o b v io u s ly  i l l  c h i ld r e n  in  th e  o th e r  g ro u p s . I f  
th e y  h a d  b een  s tu d ie d  e a r l i e r  i n  th e  c o u rse  o f  th e  d is e a s e  
th e  h a e m a tu r ia  i n  g roup  " th r e e "  would p ro b a b ly  have been  
e q u a l  to  t h a t  i n  th e  o th e r  g ro u p s . T hese e s t im a te s  o f  
h a e m a tu r ia  ta k e  no a c c o u n t o f  i t s  d u r a t io n  and  a re  th e r e f o r e  
o n ly  a v e ry  i n d i f f e r e n t  g u id e  to  th e  t o t a l  l o s s  o f  b lo o d  
w hich  th e  p a t i e n t s  s u f f e r e d .  I n  T ab le  2 e ac h  o f  th e  237 
u r in a r y  r e d  c e l l  c o u n ts  made on th e s e  28 p a t i e n t s ,  i s  r e c o rd e d  
to g e th e r  w i th  each  p a t i e n t ’s  b lo o d  haem oglobin  c o n c e n tr a t io n s  
a t  th e  tim e  o f  th e  f i r s t  and  o f  th e  l a s t  u r in a r y  c o u n t. The 
u r in a r y  c o u n ts  w ere u s u a l ly  made a t  w eekly  i n t e r v a l s .  I t  
w i l l  be  s e e n  t h a t  some p a t i e n t s  w ere s tu d ie d  o v e r a much 
lo n g e r  p e r io d  th a n  o th e r s ,  b u t t h i s  was n o t a lw ays b ecau se  
th e y  w ere more s e v e r e ly  i l l *
T h e se /
TABLE 2 .
U r i n a r y  R ed  C e l l  C o u n ts  I n  M i l l i o n s  o f  R .B .C . E x c r e te d  I n  24  H o u rs . 
H a em o g lo b in  C o n c e n t r a t i o n  o f  B lo o d  i n  % H a ld a n e ,
Name* A *D • A* J . Gr.C. P .O . E *R . R.M* M.W. E .S . D .P . A.M . M .E . G .H . P .O .
1 3019 3 2 2 6 4891 2 7 1 8 638 840 ’ 455 20 79 1943 1792 2285 2050
2 2 4 6 8 706 5280 1704 94 37 144 31 29 1188 815 1178 28
3 72 2022 1103 424 17 16 156 0 1020 20 2419 0
4 194 167 3 2 4 619 4 1349 9 1825 0
5 45 0 233 494 30 233 0 2160 63
6 168 117 1088 595 0 495 0 3027
7 0 0 97 106 18 612 3027
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/ 1 3 0
7 2 / 6  





7 4 / 6 > 8 /  8 









7> /  
•^90
H b . l )  -  H a em o g lo b in  a t  th e  t im e  o f  t h e  f i r s t  u r i n a r y  r e d  c e l l  c o u n t  r e c o rd e d *  
H b*2) -  H a em o g lo b in  a t  t h e  t im e  o f  th e  l a s t  u r i n a r y  r e d  c e l l  c o u n t  r e c o rd e d *
M.M. D .T . W .H. M .S . P .C . E.M* B . J . M.H. I .M . A .R . J* «C . H.G .  A * A . E.M . w .s .
4233 164 611 62 84 18 8672 942 2380 2570 550 370 691 233 0
1319 123 382 0 7 7989 4524 468 1655 530 0 511 0 0
141 0 446 12 0 3463 940 1727 400 0 870 2 1 0
108 0 112 118 11 4297 696 2204 54 0 1516 2 16
240 13 74 11 0 2086 187 2028 917 937 53 8
50 131 7 904 1010 2006 1421 610 21 0
6 0 0 1740 1346 1685 2448 281 20 0
























































These d e t a i l e d  r e s u l t s  show t h a t  h a e m a tu ria  o f  
c o n s id e r a b le  d e g re e  may c o n tin u e  o v e r many w eeks w ith o u t  any  
f a l l  i n  b lo o d  haem oglob in  c o n c e n t r a t io n ,  b u t  th e y  a l s o  
r e v e a l  t h a t  o c c a s io n a l ly  a  lo n g  c o n tin u e d  h a e m a tu r ia  i s  
a s s o c i a t e d  w i th  a f a l l i n g  haem oglob in  so  t h a t  on th e s e  
g ro u n d s , i t  would, be  p o s s ib l e  t h a t  anaem ia was due to  
p ro lo n g e d  lo s s  o f  b lo o d  i n  th e  u r in e .  G ladys Boyd (1 9 2 7 ) 
b e l i e v e s  t h a t  t h i s  f r e q u e n t ly  o c c u rs  i n  a c u te  n e p h r i t i s  
i n  c h i l d r e n .  W ith  a view  to  d e te rm in in g  w h e th e r  th e  b lo o d  
lo s s  was s u f f i c i e n t l y  l a r g e  to  a c c o u n t f o r  th e  anaem ia th e  
a c t u a l  am ount o f  b lo o d  l o s t  was c a l c u l a t e d  from  th e s e  r e d  
c e l l  c o u n ts  made on 2k  h o u rs  c o l l e c t i o n s  o f  u r in e .  I n  t h i s  
c o n n e c tio n  i t  m ust be b o rn e  i n  m ind t h a t  on a n  a v e ra g e , th e  
p a t i e n t * s  b lo o d  c o n ta in e d  o n ly  a b o u t 4  m i l l i o n  R .B .C . p e r  c.mm. 
A p o s s ib l e  f a l l a c y  i n  c a l c u l a t i n g  th e  b lo o d  lo s s  had to  be 
g u a rd e d  a g a i n s t  f o r  i f  th e r e  was h a em o ly s is  o f  th e  r e d  c e l l s  
i n  th e  u r in e  th e  r e d  c e l l  c o u n ts  made w ould n o t i n d ic a t e  th e  
t o t a l  am ount o f  b lo o d  e x c r e te d  and  in d e e d  t h i s  h aem o ly s is  
m ig h t be more ex trem e i n  th e  v e ry  p a t i e n t s  who showed th e  
g r e a t e s t  d e g re e  o f anaem ia* In  o rd e r  to  g a in  in fo rm a tio n  on 
t h i s ,  two m o d if ic a t io n s  o f  th e  same s o r t  o f  ex p e rim e n t w ere 
d e v is e d  and  a p p lie d  to  a few  o f  th e  c h i ld r e n  who w ere b e in g  
s tu d i e d .
The f i r s t  e x p erim e n t was a p p l ie d  to  f i v e  c h ild re n *
I n  th r e e  c a s e s  w i th  h a e m a tu r ia , specim ens o f  f r e s h l y  p a s s e d  
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TABLE 4*
Haemolysins in  u rin e  o f p a t ie n t s  w ith  N ep h ritis*
Name*
Hb.
Red B lood  
C e l l s  i n  
M i l l io n s  
p e r  c.mm*
TEST TUBES.
1 2 3 k 5 6
W.G. 92 4*915 - + - -
E.M. 94 4*820 - + + + - -
J .M . 95 4* 660 - + + + - -
A.M. 86 4* 650 - + + + - -
A.D. 84 4*630 - + + + - -
G.H. 86 4 .4 6 0 - ++ ++ + 4> -
T.M. 82 4 .3 0 7 - + + + + -
M.E. 86 4 .1 8 5 - + + + + -
I.M . 66 4*035 - + + + - -
E.M. I k 3 .8 7 0 - + + + + -
P .C . 70 3 .7 7 0 - + + + - -
M.W. 72 3 .7 3 0 - + + + -
J .C . 5k 3 .2 9 5 - ■H* ++ ++ +
A.A. 58 3 .0 1 0 - + + - - -
M.E. 55 2 .6 4 0 — + + + —
++ «s C om plete haem o lysis*
+ = W ell m arked  haem olysis*
*  = T rac e  o f  haem o lysis*
-  sa No h aem o ly sis*
The am ount o f  h a e m o ly s is  a f t e r  ad d in g  v a ry in g  q u a n t i t i e s  o f  
u r in e  to  a  s u s p e n s io n  o f  r e d  c e l l s  i n  s a l in e *
o f  h a e m o ly s in s  p r e s e n t  i n  th e  u r in e  o f  th e  p a t i e n t s  w ith  
anaem ia th a n  i n  th o s e  who w ere n o t an aem ic . An a v e ra g e  o f  
0 .41  c*c* o f  u r in e  p ro d u ce d  h a em o ly s is  i n  th e  anaem ic g ro u p , 
w h ereas 0*47 c*c* was r e q u i r e d  in  th e  g roup  w ith o u t  anaem ia* 
T h is  r e s u l t  does n o t c o n firm  Brown & R o th 's  o b s e r v a t io n  t h a t  
th e  u r in e  o f  non-anaem ic s u b je c t s  c o n ta in s  more h a em o ly s in s  
th a n  t h a t  o f  th e  p a t i e n t s  w ith  anaem ia an d  th e  r e s u l t s  a r e  
so  c lo s e  t h a t  th e r e  i s  no s i g n i f i c a n t  e v id e n c e  o f  d i f f e r e n c e  
betw een  th e  two g ro u p s  o f  p a t i e n t s *
I t  i s  c o n s id e re d  t h a t  th e  m ethod o u t l i n e d  f i r s t ,  i n  
w hich  c o u n ts  o f  th e  r e d  c e l l s  a re  m ade, i s  p ro b a b ly  more 
r e l i a b l e  and  more a c c u ra te  th a n  Brown & R o th 's  m ethod  i n  w hich  
naked  eye e s t im a t io n s  o f  h a em o ly s is  and  th e  more o r  l e s s  ro u g h  
q u a n t i t a t i v e  way o f  m aking th e  r e d  c e l l  s u s p e n s io n  m ust l e a d  
to  c o n s id e r a b le  e x p e r im e n ta l  e r ro r*
G e n e ra lly  s p e a k in g , i t  a p p e a rs  fro m  T ab le  3 t h a t  up to  
25# o f  th e  r e d  c e l l s  a re  haem olysed  i n  th e  f i r s t  t h r e e  h o u rs  and 
up to  70# i n  tw e n ty - fo u r  hours*  Now th e  r o u t in e  r e d  c e l l  
c o u n ts  done on th e  u r in e  i n  t h i s  s tu d y  w ere a l l  made on tw e n ty -  
f o u r  hour c o l l e c t i o n s  o f  u r in e  and  th e  c o u n ts  w ere n o t made 
u n t i l  a b o u t th r e e  h o u rs  a f t e r  th e  c o l l e c t i o n  was com pleted*
Thus i t  may be assum ed t h a t  up to  50# o f  th e  r e d  c e l l s  w ere 
haem olysed  by th e  tim e  th e  c o l l e c t i o n  was c o m p le te d /a n d  up to  
a b o u t 60# b e fo re  th e  c o u n ts  w ere made* From t h i s ,  i t  may 
be  deduced  t h a t  th e  a c t u a l  l o s s  o f  b lo o d  from  th e s e  p a t i e n t s  
d o e s /
does not exceed 3  o r  4  c . c .  p e r  day a t  th e  h e ig h t  o f  a s e v e re  
h a e m a tu r ia .  I n  one p a t i e n t  w ith  s e v e re  and  lo n g  c o n tin u e d  
h a e m a tu r ia  i t  was c a l c u l a t e d  t h a t  he l o s t  a p p ro x im a te ly  
110 c . c .  o f  b lo o d  i n  h i s  u r in e  i n  th e  c o u rs e  o f  8 w eeks.
So l a r g e  a l o s s  o f  b lo o d  a s  t h i s ,  i s ,  how ever, v e ry  r a r e  
and  i t  c an n o t be c o n s id e re d  p o s s ib l e  t h a t  th e  l o s s  o f  b lo o d  
i n  th e  u r in e  a s  c a l c u l a t e d  by t h i s  m ethod c o u ld  a c c o u n t f o r  
th e  t r u e  and  t y p i c a l  anaem ia o f  n e p h r i t i s .
Brown & R o th  (1922) e s t im a te d  t h a t  th e  b lo o d  lo s s  
i n  c h ro n ic  n e p h r i t i s  was up to  1 .5  c . c .  p e r  l i t r e  o f  u r in e .
F i n a l l y  i t  h as  been  shown (W hitby & B r i t t a i n , 1946) 
t h a t  c h ro n ic  l o s s  o f  b lo o d , su c h  a s  o c c u rs  from  b le e d in g  
h a em o rrh o id s  o r  i n  m e n o rrh a g ia  r e s u l t s  i n  a m ic ro c y t ic  and  
m ark e d ly  hypochrom ic anaem ia w hich  re sp o n d s  r e a d i ly  t o  i r o n  
m e d ic a t io n .  None o f  th e s e  f e a t u r e s  o c c u rs  i n  th e  anaem ia 
o f  c h ro n ic  h a em o rrh ag ic  n e p h r i t i s .
2 . A p p a ren t Anaemia fro m  B lood  D i l u t i o n .
R e fe re n c e  h a s  a l r e a d y  b een  made to  th e  o b s e rv a t io n s  
o f  o th e r s  t h a t  anaem ia o c c u rs  i n  a s s o c i a t io n  w i th  th e  oedema 
o f  c o n g e s t iv e  c a r d ia c  f a i l u r e  o r  w ith  o th e r  fo rm s o f  oedema 
and  t h a t  t h i s  i s  o n ly  an  a p p a re n t  anaem ia due to  hydraem ic  
p l e t h o r a .  The i n v e s t i g a t i o n s  d e s c r ib e d  i n  p a r t  11 o f  t h i s  
t h e s i s  p ro v id e  v e ry  s t r o n g  e v id e n c e  i n  s u p p o r t  o f  th e  
h y p o th e s is  t h a t  changes i n  th e  f l u i d  c o n te n t  o f  th e  b lo o d  
d o  o c c u r  i n  a c u te  n e p h r i t i s  d u r in g  th e  p e r io d  o f  d i u r e s i s  
and  i n  n e p h ro t ic  n e p h r i t i s  th ro u g h o u t th e  oedem atous c y c le  
an d  f i n a l  p ro o f  w i l l  be g iv e n  i n  th e  s e c t io n  d e a l in g  w ith  
p lasm a  volum e. U n le ss  th e s e  c h a r a c t e r i s t i c  f l u c t u a t i o n s  a r e  
r e c o g n is e d ,  anaem ia may c e r t a i n l y  a p p e a r  to  be p r e s e n t  when 
i n  f a c t  th e r e  i s  no d im in u tio n  i n  th e  t o t a l  number o f  
c i r c u l a t i n g  r e d  c e l l s  b u t th e  e f f e c t  o f  hydraem ia  on th e  b lo o d  
p r a c t i c a l l y  n e v e r  p ro d u c e s  a change i n  th e  r e d  c e l l  coun t o f  
m ore th a n  one m i l l i o n  r e d  b lo o d  c o rp u s c le s  p e r  c.mm. and 
c a n n o t t h e r e f o r e  a cc o u n t f o r  th e  s e v e re  fo rm  o f  anaem ia t h a t  
o c c u rs  i n  c h ro n ic  h aem o rrh ag ic  n e p h r i t i s .  F u r th e r ,  i n  th e  
s e v e re  c a s e s  o f  anaem ia i n  n e p h r i t i s  i n  c h i ld r e n ,  th e r e  i s  
o f t e n  no oedema and  no c a rd ia c  d eco m p en sa tio n  and  i n  th e s e  
s u b j e c t s ,  th e  anaem ia can n o t be a t t r i b u t e d  to  h y d raem ia .
B lood  volume e s t im a t io n s  ( P a r t  V) on th e s e  anaem ic p a t i e n t s  
a l s o  r e v e a l  t h a t  t h e r e  i s  an  a b s o lu te  d im in u tio n  i n  th e  
t o t a l  number o f  c i r c u l a t i n g  r e d  c e l l s .
T h u s /
5 6 .
Thus w h ile  d im in is h in g  b lo o d  c o n c e n t r a t io n  p ro d u c e s  
a s t e a d i l y  f a l l i n g  r e d  c e l l  c o u n t f o r  f o u r  o r  f i v e  w eeks a f t e r  
th e  p eak  o f  d i u r e s i s  a s  a c u te  h aem o rrh ag ic  n e p h r i t i s  s u b s id e s , 
and  w h ile  th e  r e t u r n  o f  th e  e x c e s s  o f  f l u i d  i n  th e  t i s s u e s  to  
th e  b lo o d  s tr e a m  d u r in g  s u b s id in g  oedema i n  n e p h ro t ic  n e p h r i t i s  
l e a d s  t o  a f a l l  i n  th e  r e d  c e l l  c o u n t y e t  i n  th e  p ro d u c t io n  o f  
th e  t y p i c a l  and  s e v e re  anaem ia o f  c h ro n ic  h a em o rrh ag ic  
n e p h r i t i s ,  changes i n  th e  w a te r  c o n te n t  o f  th e  b lo o d  p la y  no 
c o n s e q u e n t ia l  p a r t*
3* E x c e s s iv e  H aem o ly sis  o f  Red C e l l s *
W ith  a view  to  d e te rm in in g  w h e th e r t h i s  was a cau se  o f
th e  anaem ia o f  n e p h r i t i s ,  s p e c i a l  a t t e n t i o n  was d i r e c t e d  to
c e r t a i n  c h a r a c t e r i s t i c  s ig n s  fo u n d  i n  th e  h a e m o ly tic  anaem ias*
T hese w e r e : -
1* Jau n d ice*
2* R e t ic u lo c y to s is *
3* The i n d i r e c t  Van den B erg R eac tio n *  
h* E x c e s s iv e  u r o b i l in u r i a *
5* I n c r e a s e d  f r a g i l i t y  o f  th e  r e d  c e l l s *
6* D e f ic i e n t  a n t i - h a e m o ly t ic  f a c t o r s  i n  
th e  b lo o d  stream *
P a r t i c u l a r  a t t e n t i o n  h as been  p a id  to  th e  e x a m in a tio n
o f  th e  c o n ju n c tiv a e  and  s k in  i n  each  o f  th e  l±2 p a t i e n t s  w ith
h aem o rrh ag ic  n e p h r i t i s  s tu d ie d  i n  t h i s  c o n n e c tio n  and  i n  none
o f  them  was any ja u n d ic e  se e n  though  one p a t i e n t  was known to
have been  ja u n d ic e d  a few  weeks b e fo re  coming u n d e r o b se rv a tio n *
T h is  one e x c e p tio n  was a g i r l  aged  5 y e a r s  w ith  a s e v e re
h a em o rrh ag ic  n e p h r i t i s ,  who d e v e lo p ed  a c a t a r r h a l  ja u n d ic e
e a r l y /
e a r l y  i n  th e  c o u rse  o f  th e  d is e a s e *  She made a good and  
r a p id  re c o v e ry  fro m  th e  ja u n d ic e  th o u g h  th e  n e p h r i t i s  p a s s e d  
i n t o  th e  c h ro n ic  s ta g e *  H er serum  d id  n o t show any 
a g g l u t i n a t i o n  w i th  th e  s p i r o k a e te  o f  W e ilfs  d is e a s e *
126 r e t i c u l o c y t e  c o u n ts  w ere done on th e s e  42 
p a t i e n t s  and  v a r i e d  from  0*1# to  14$ w ith  an  a v e ra g e  o f  1*7$* 
The h ig h  l e v e l  o f  14$ o c c u r re d  in  th e  g i r l  who had  ja u n d ic e  
r e f e r r e d  to  above* I n  no c a se  was th e r e  th e  s u s ta in e d  
r e t i c u l o c y t o s i s  so  c h a r a c t e r i s t i c  o f  h a e m o ly tic  anaem ia and  
w here c o u n ts  above norm al w ere o b ta in e d ,  th e  s u b je c t  was 
e i t h e r  v e ry  anaem ic o r  was u n d e rg o in g  v ig o ro u s  h a e m a tin ic  
th e ra p y *
The Van den B erg h  r e a c t i o n  was done a t  f r e q u e n t  
i n t e r v a l s ,  u s u a l ly  e v e ry  f o r t n i g h t ,  on 41 o f  th e s e  c h ild re n *  
173 o f  th e s e  t e s t s  w ere done and gave th e  f o l lo w in g  r e s u l t s  
I n d i r e c t  n e g a t iv e  -  151
0 .5  u n i t s  -  15
1*0 u n i t s  -  6
2*0 u n i t s  -  1
o v e r  2*0 u n i t s  -  0
T o ta l  -  173
The 22 p o s i t i v e  r e s u l t s  w ere s c a t t e r e d  among 18 
d i f f e r e n t  p a t i e n t s ,  m ost o f  whom gave a n e g a t iv e  i n d i r e c t  
Van den  B ergh  r e a c t i o n  on s e v e r a l  o th e r  o c c a s io n s*  s in c e  
a r e a c t i o n  below  2*0 u n i t s  i s  o f  no s i g n i f i c a n c e ,  i t  may be 
assum ed t h a t  t h e r e  i s  no e x c e ss  o f  b i l i r u b i n  i n  th e  serum  i n  
p a t i e n t s  w ith  haem o rrh ag ic  n e p h r i t i s .  The g i r l  r e f e r r e d  to  
a b o v e /
above who had  ja u n d ic e  was n o t u n d e r o b s e r v a t io n  d u r in g  th e  
c o u rs e  o f  h e r  ja u n d ic e  and  a c c o rd in g ly ,  th e  p o s i t i v e  r e s u l t s  
t h a t  w ould have b een  o b ta in e d  do n o t a p p e a r  i n  th e s e  re c o rd s*
The p re s e n c e  o f  e x c e s s iv e  am ounts o f  u r o b i l i n  an d  
u ro b i l in o g e n  i n  th e  u r in e  was f i r s t  so u g h t f o r  by S c h le s in g e r* s  
t e s t  and  s u b s e q u e n tly  t h i s  was r e p la c e d  by W allace  & Diam ond1 s  
(1925) m o d i f i c a t io n  o f  B h r l i c h ’ s d ia z o  r e a c t io n *  One o f  
th e s e  t e s t s  was done on a specim en  o f a 24 h o u r c o l l e c t i o n  o f
u r in e  a t  w eek ly  i n t e r v a l s  on a l l  th e  c h ild re n *  294 t e s t s  w ere
made and  i n  no c a se  d id  a t e s t  r e v e a l  an  e x c e ss  o f  u r o b i l in o g e n  
s u f f i c i e n t  to  be c o n s id e re d  p a th o lo g ic a l ,  i* e*  i n  a 1 /2 0  
d i l u t i o n ,  th o u g h  6 t e s t s  showed a l e s s e r  d e g re e  o f  in c r e a s e  
o v e r  th e  norm al u r o b i l in o g e n  c o n te n t  o f  th e  u r in e  and  th e s e  I
w ere a t t r i b u t e d  to  s e v e re  h aem atu ria*  I n  t h i s  c o n n e c tio n  i t
i s  w orthy  o f  n o te  t h a t  Brown & R o th  (1922) e s t im a te d  th e  
q u a n t i ty  o f  u r o b i l i n  and  u r o b i l in o g e n  i n  th e  d u o d en a l ju ic e
i.
o f  p a t i e n t s  w ith  n e p h r i t i s  and  fo u n d  t h a t  i t  was much |
d im in ish e d  b o th  i n  th o se  w ith  anaem ia and i n  th o s e  w ith o u t
i
anaem ia*
The r e d  c e l l  f r a g i l i t y  was e s t im a te d  by th e  r o u t in e  
q u a l i t a t i v e  m ethod on 7 s u b je c t s  w ith  v a r io u s  ty p e s  o f I
n e p h r i t i s  and  w ith  v a r io u s  d e g re e s  o f  anaem ia b u t i n  e v e ry  
c a s e ,  th e  f r a g i l i t y  o f  th e  r e d  c e l l s  was w i th in  norm al l i m i t s  
and  a g re e d  c lo s e ly  w ith  th e  c o n t r o l s  done a t  th e  same tim e*
Q la rk  an d  Evans (1920) d e v is e d  a means o f  e s t im a t in g  
th e  a n t i - h a e m o ly t ic  e f f e c t  o f  th e  b lo o d  serum* They m ixed a 
know n/ |
known volum e o f  w ash ed  r e d  c e l l s  w i th  a d i l u t e  s o l u t i o n  o f  
so d iu m  o l e a t e ,  w h ic h  a c t e d  a s  a h a e m o ly s in g  a g e n t ,  an d  a 
m e a su re d  volum e o f  f r e s h  se ru m , a n d  i n  t h i s  way t e s t e d  t h e  
p r o t e c t i v e  p o w er o f  th e  se ru m  a g a i n s t  h a e m o ly s is  i n  v a r io u s  
d i s e a s e s *  They fo u n d  t h a t  th e  p r o t e c t i o n  a g a i n s t  h a e m o ly s is  
a f f o r d e d  by th e  se ru m  o f  n o rm a l p e r s o n s  an d  o f  p a t i e n t s  
s u f f e r i n g  f ro m  a w ide  ra n g e  o f  d i s e a s e s  w i th o u t  a n a e m ia , i s  
v e ry  c o n s t a n t ;  t h a t  t h e r e  i s  some d im in u t io n  i n  th e  p r o t e c t i v e  
p o w er i n  s e c o n d a ry  an aem ia  b u t  t h a t  th e  d im in u t io n  i s  m o st 
m ark ed  i n  h a e m o ly t ic  anaem ias*  Brown & R o th  (1 9 2 2 )  m o d if ie d  
t h i s  t e s t  by  d o in g  a d u p l i c a t e  f r a g i l i t y  t e s t  a n d  a d d in g  0*1 
c*c* o f  f r e s h  se ru m  fro m  th e  p a t i e n t  to  one o f  th e  s e r i e s  o f  
tu b e s  a n d  th u s  fo u n d  th e  d e g re e  o f  p r o t e c t i o n  a g a i n s t  l y s i s  i n  
h y p o to n ic  s a l i n e  a f f o r d e d  by th e  se ru m . They fo u n d  t h a t  t h e  
p r o t e c t i v e  pow er o f  th e  se ru m  i n  a n o n -a n a em ic  g ro u p  o f  
p a t i e n t s  w i th  n e p h r i t i s  was g r e a t e r  th a n  th e  p r o t e c t i o n  
a f f o r d e d  by th e  seru m  o f  a g ro u p  w i th  an aem ia  a n d  n e p h r i t i s  
b u t  c o n s id e r e d  t h a t  th e  d i f f e r e n c e  w as n o t  s i g n i f i c a n t *  Brown 
& R o th * s  t e s t  h a s  b e e n  r e p e a t e d  w i th  s l i g h t  m o d i f i c a t i o n s  o f  
t e c h n iq u e ,  on 7 p a t i e n t s  (T a b le  5 ) .  I n  t h i s  s m a l l  g ro u p  th e r e  
w ere  t h r e e  p a t i e n t s  w i th  r e d  c e l l  c o u n ts  o v e r  f o u r  m i l l i o n s  
p e r  c.mm* an d  f o u r  w i th  c o u n ts  u n d e r  f o u r  m i l l i o n s  p e r  c.mm*
The a v e ra g e  r e d  c e l l  c o u n t o f  th e  fo rm e r  g ro u p  w as 4*315 
m i l l i o n  r e d  b lo o d  c o r p u s c le s  p e r  c*mm. and  t h e i r  se ru m  p r o t e c t e d  
th e  r e d  c e l l s  on a n  a v e ra g e  a g a i n s t  an  i n c r e a s e d  h y p o to n ic ty  o f  
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0*073$ N aCl, w h ile  i n  th e  f o u r  anaem ic c a s e s  th e  a v e ra g e  co u n t 
was 3*220 m i l l i o n  r e d  b lo o d  c o rp u s c le s  p e r  c*mm* and  t h e i r  
se rum  a f f o r d e d  p r o t e c t i o n  a g a in s t  an  in c r e a s e d  h y p o to n ic i ty  o f  
0 .55$  Naol.
The r e s u l t s  o f  t h i s  ex p e rim e n t a r e  i n  ag reem en t w ith  
th e  f in d in g s  o f  Brown & Roth* though  we a g re e  w ith  th e  l a t t e r  
t h a t  i t  i s  v e ry  q u e s t io n a b le  i f  th e  d i f f e r e n c e  be tw een  anaem ic 
and  non-anaera ic  g ro u p s i s  s u f f i c i e n t  to  be s i g n i f i c a n t *
R ev iew ing  th e  r e s u l t s  o f  a l l  th e s e  t e s t s  i t  a p p e a rs  t h a t  
t h e r e  i s  l i t t l e  o r  no e v id e n c e  to  su p p o r t  th e  s u g g e s t io n  t h a t  
th e  anaem ia o f  n e p h r i t i s  i s  due to  e x a g g e ra te d  h a em o ly s is  o f  
r e d  c e l l s *
4* D e fe c t iv e  M an u fac tu re  o f  Red C e l l s *
F o r lo n g , t h i s  e x p la n a t io n  has h e ld  th e  f i e l d  a s  th e  
m ost p ro b a b le  cau se  f o r  th e  anaem ia o f  n e p h r i t i s  and  i s  th e  
one t h a t  c a l l s  f o r  m ost c o n s id e r a t io n .  So f a r ,  how ever, 
a t te m p ts  to  f i n d  a c a u se  f o r  d e f e c t iv e  m an u fa c tu re  o f  r e d  j
c e l l s  have p ro v ed  e n t i r e l y  f r u i t l e s s *  C econi (1905) was th e  j
f i r s t  t o  s u g g e s t  t h a t  th e  anaem ia was due to  a bone marrow |
a p l a s i a  o f  to x ic  o r i g i n .  A f t e r  s tu d y in g  a l a r g e  s e r i e s  o f  1
p a t i e n t s  w ith  c h ro n ic  n e p h r i t i s ,  Brown & R oth  (1922) c o n c lu d ed  
t h a t  an  unknown to x ic  a g e n t i s  th e  m ost p ro b a b le  cau se  o f  b o th  
th e  anaem ia and  th e  n e p h r i t i s .  They c o n s id e re d  t h a t  th e  
anaem ia d e v e lo p s  i n  s te p s  and  s t a i r s  w ith  e ach  f r e s h  
e x a c e r b a t io n  o f  th e  n e p h r i t i s  p ro c e s s  so  t h a t  betw een th e s e  j j
" r e n a l  b r e a k s ” th e  r e n a l  f u n c t io n  t e s t s  may be norm al w h ile  j;|
i l
t h e /  !
t h e  anaem ia rem a in s  and becom es w orse  w ith  e ach  f r e s h  r e n a l  
e x a c e r b a t io n .  They a t te m p te d  to  c o r r e l a t e  anaem ia w ith  
o th e r  m a n i f e s ta t io n s  o f  n e p h r i t i s  i n  an  e f f o r t  to  f i n d  some 
e t i o l o g i c a l  f a c t o r  b u t w ith o u t s u c c e s s .
T here  i s  no c o r r e l a t i o n  be tw een  lo s s  o f  a lb u m in  i n  
th e  u r in e  and anaem ia s in c e  th e  l a t t e r  i s  n o t a m arked 
f e a t u r e  o f  n e p h ro t ic  n e p h r i t i s ,  a c o n d i t io n  i n  w h ich  th e r e  
i s  m a ss iv e  a lb u m in u r ia .
From a rev iew  o f th e  l i t e r a t u r e  and  from  t h e i r  own 
e x te n s iv e  r e s e a r c h e s ,  P a rso n s  and  ; E k o la - s t r o lb e r g  (1933) 
co n c lu d e d  t h a t  th e r e  i s  a c lo s e  p a r a l l e l  be tw een  anaem ia and  
a z o ta e m ia . T h is  h as n o t b een  c o n firm ed  by o th e r  w ork e rs  
(Brown & R o th ,1922) though  some (Townsend, M assie  & L yons, 
1937, O a s s ,1939) c la im  t h a t  anaem ia i s  n e a r ly  a lw ays 
accom pan ied  by n i t r o g e n  r e t e n t i o n  b u t acknow ledge t h a t  th e  
d e g re e  o f  anaem ia i s  n o t r e l a t e d  to  th e  e x te n t  o f  a z o ta e m ia . 
Brown & R o th  (1922) th o u g h t t h a t  th e r e  m igh t be some r e l a t i o n ­
s h ip  be tw een  in c r e a s e d  b lo o d  c r e a t i n i n  and anaem ia b u t 
a d m it te d  t h a t  su c h  a r e l a t i o n s h i p  was by no means i n v a r i a b l e  
an d  s e v e re  anaem ia can  o c c u r  w ith  a norm al b lo o d  c r e a t i n i n .
D ie t  a s  an e t i o l o g i c a l  f a c t o r  m ust have s e r io u s  
c o n s id e r a t io n  i n  a d is e a s e  i n  w hich th e  r o u t in e  t r e a tm e n t  
o f t e n  a d o p te d  may in v o lv e  c o n s id e ra b le  r e s t r i c t i o n  i n  t h i s  
r e s p e c t .  I t  i s  known (Brown & R o th ,1922) t h a t  f a s t i n g ,  low 
c a l o r i c ,  and  low p r o t e i n  d i e t s  do n o t i n  th em se lv es  p ro d u ce  
a n a e m ia /
6 2 .
anaem ia  i n  h e a l th y  human s u b je c t s  h u t  i t  h as  t o  be a d m it te d  
t h a t  c a re  m ust be e x e r c i s e d  i n  a t t r i b u t i n g  th e  same 
c o n c lu s io n s  to  s u b j e c t s  who a re  s u f f e r i n g  fro m  d is e a s e *  I t  
has been  shown (Weech, W o lls te in  & G o e ts c h ,1 937) t h a t  dogs 
f e d  on a low p r o t e i n  d i e t  may lo s e  more th a n  50% o f  t h e i r  r e d  
c e l l  volum e i n  90 d a y s .
M e t tn ie r ,  M inot & Townsend (1930) o b se rv e d  t h a t  
n u t r i t i o n a l  anaem ia was much more l i a b l e  to  d e v e lo p , and  
much more r a p id  i n  i t s  c o u rs e , when a s s o c i a t e d  w i th  
a r t e r i o s c l e r o s i s .  The more s e v e re  anaem ias i n  th e  p r e s e n t  
s tu d y  have b een  a s s o c i a t e d  i n  e v e ry  c a s e  w ith  a  m o d era te  
h y p e r p ie s ia  o f  lo n g  d u r a t io n .  The s y s t o l i c  b lo o d  p r e s s u r e  
u s u a l ly  v a r ie d  betw een  110 mm. Hg. and  140 mm* Hg. On th e  
o th e r  hand , i t  h a s  a l r e a d y  been  n o te d  t h a t  anaem ia does n o t 
o c c u r  i n  u n c o m p lic a te d  n e p h ro s c le r o s i s  i n  w hich th e  b lo o d  
p r e s s u r e  i s  much h ig h e r  and th e  d i e t e t i c  r e s t r i c t i o n s  a r e  o f  
a  s i m i l a r  n a tu r e .  Vaughan (1933) s t a t e d  t h a t  a c h lo r h y d r ia  i s  
o f t e n  fo u n d  i n  th e  anaem ia a s s o c i a t e d  w i th  n e p h r i t i s  and  t h a t  
t h i s  d e f e c t  f a v o u r s  th e  developm ent o f  anaem ia . Townsend, 
M a ss ie  & Lyons (1937) have made a d e t a i l e d  s tu d y  o f  th e  
r e l a t i o n s h i p  betw een  th e  anaem ia o f  ’ c h ro n ic  g lo m e ru lo ­
n e p h r i t i s 1 a n d  g a s t r i c  a c i d i t y .  They s tu d i e d  48 a d u l t  c a se s  
o f  c h ro n ic  g lo m eru lo —n e p h r i t i s  and  n o te d  a m o d e ra te ly  s e v e re  
o rth o c h ro m ic  n o rm o cy tic  anaem ia- a s s o c i a t e d  i n  SO% o f  th e  c a s e s  
w ith  h y p o c h lo rh y d r ia  a f t e r  an  a lc o h o l  t e s t  m ea l. N in e te e n  
o f  th e s e  p a t i e n t s  had  a r e d  c e l l  co u n t below  4  m i l l io n s  p e r  
c .m m ./
c.mm* and  a l l  o f  them  had h y p o c h lo rh y d r ia ,  f i v e  h a v in g
a b s o lu te  a c h lo r h y d r ia  even  a f t e r  h is ta m in e  s t im u la t io n *  Of
th e  27 p a t i e n t  w ith  r e d  c e l l  c o u n ts  o v e r  4  m i l l i o n s ,  22 had  
norm al g a s t r i c  a c i d i t y .  I n  Townsend, M assie  & L yon’s  s e r i e s ,  
th e  d im in u tio n  o f  g a s t r i c  a c i d i t y  and th e  d e g re e  o f  anaem ia 
w ere fo u n d  to  be  p r o p o r t io n a te  and th e y  co n c lu d ed  t h a t  lfone 
o f  th e  m ost im p o r ta n t  f e a t u r e s  i n  th e  anaem ia o f  c h ro n ic  
g lo m e r u lo - n e p h r i t i s  i s  th e  d im in ish e d  o r  a b s e n t  h y d ro c h lo r ic  
a c i d  i n  th e  g a s t r i c  s e c r e t io n * ” I n  an  en d eav o u r to  c o n firm  
i n  c h i l d r e n  t h i s  im p o r ta n t  o b s e rv a t io n  i n  a d u l t s ,  20 g a s t r i c  
a c i d i t y  t e s t s  have b een  done on 18 o f  th e  p a t i e n t s  i n  t h i s  
s e r i e s .  The o rd in a ry  R ey fu ss f r a c t i o n a l  t e s t  m eal u s in g  
s t r a i n e d  g r u e l ,  and  w ith o u t  h is ta m in e  s t im u la t io n  has been  
em ployed , and th e  d e ta ile d  re su lts  a re  r e c o rd e d  i n  A ppendix  2*
The r e s u l t s  o b ta in e d  a re  sum m arised i n  T ab le  6*
T ak ing  20 -  40  c .c*  N /10 HCl* a s  th e  norm al maximum ran g e  f o r
HCl s e c r e t i o n  i n  c h ild h o o d  (O g ilv ie , 19 3 4 ), i u  8 o f  th e  t e s t s ,  
o r  4 0 $ , th e r e  was h y p o c h lo rh y d ria*  I n  one o f  th e s e  th e r e  
was com plete  a c h lo r h y d r ia  and  i n  a n o th e r  tw o, o n ly  t r a c e s  o f  
f r e e  a c i d  to o  s m a ll  to  be e s t im a te d  q u a n t i t a t i v e l y  w ere found*
Of th e  o t h e r s ,  7 showed norm al s e c r e t i o n  an d  5 h y p e rc h lo rh y d r ia .  
U n f o r tu n a te ly ,  o n ly  2 c a s e s  w ith  s e v e re  anaem ia were t e s t e d  
and  th o u g h  n e i t h e r  o f  th e s e  showed h y p o c h lo rh y d r ia  i t  i s  
p o s s ib l e  t h a t ,  i f  a l a r g e r  number o f  v e ry  anaem ic p a t i e n t s  
had  b een  exam ined , h y p o c h lo rh y d r ia  w ould have been  fo u n d  a s  
comm only/
commonly a s  i n  th e  l e s s  anaem ic p a t i e n t s
TABLE 6*
THE GASTRIC ACIDITY IN PATIENTS WITH NEPHRITIS*
Red c e l l  co u n t 
o f  b lo o d  
p e r  c*mm*
No.
o f
t e s t s *
A verage o f
maximum
f i g u r e s .
No. o f  in d iv id u a l  
t e s t s  i n  e a c h  
c la s s *
H .01 . T o ta l H y poch lo r­ Normal H y p e rc h lo r -
a c id s . h y d ria* h y d r ia
4  m i l l io n s
an d  over* 9 29 49 4 2 3
3 to  4  
m i l l io n s 9 25 50 4 3 2
L e ss  th a n  
3 m i l l io n s 2 37 51 0 2 0
A verage  o f  
a l l  t e s t s * 20 28 50 8 7 5
Though th e  r e s u l t s  a re  n o t n e a r ly  a s  s t r i k i n g  a s  
th o s e  o f  Townsend, M assie  & L yons, th e y  do show t h a t  i n  a 
c o n s id e r a b le  p r o p o r t io n  o r  c a s e s  o f  n e p h r i t i s ,  th e r e  i s  
h y p o c h lo rh y d ria *  They do n o t ,  how ever, c o n firm  t h a t  t h i s  
b e a r s  any d e f i n i t e  r e l a t i o n s h i p  to  th e  d e g re e  o f  anaemia*
T h is  i n v e s t i g a t i o n  r e v e a le d  no c o n s ta n t  r e l a t i o n s h i p  betw een  
h y p o c h lo rh y d r ia  and th e  p re s e n c e  o f  anaemia*
T here  h as b een  much d i s c u s s io n  o f  th e  r e l a t i o n s h i p  
b e tw een  n e p h r i t i c  anaem ia and a p l a s t i c  anaem ia and  i t  has been  
s u g g e s te d  by some w o rk e rs  (Bpown & R o th ,1922; C econi, 19051 
P a r s o n s /
P a rso n s  e t  a l .1 9 3 3 )  t h a t  i n  n e p h r i t i s  th e r e  i s  some unknown 
to x ic  a g e n t w hich  c a u se s  a bone marrow a p la s ia *  T here  i s ,  
how ever, v e ry  good e v id e n c e  a g a in s t  th e  h y p o th e s is  t h a t  th e  
anaem ia  o f  n e p h r i t i s  i s  an a lo g o u s to  i d io p a t h ic  a p l a s t i c  
anaem ia*
I s a a c s  (1937) has p u b l is h e d  th e  r e s u l t s  o f  some 
e x c e l l e n t  s t u d i e s  o f  th e  bone marrow o b ta in e d  by s t e r n a l  
p u n c tu re  d u r in g  l i f e  and p o s t-m o rte m  in  v a r io u s  anaem ias*
I n  p r im a ry  i d io p a t h i c  a p l a s t i c  anaem ia he fo u n d  t h a t  th e  b lo c k  
i n  m a tu r a t io n  o c c u r re d  a t  th e  p r im i t iv e  1 b l a s t 1 g roup  o f  c e l l s  
an d  b o th  t h e ’b la s t*  c e l l s  and  th e  su b se q u e n t fo rm s w ere v e ry  
sc an ty *  By c o n t r a s t ,  i n  th e  anaem ia o f  n e p h r i t i s ,  w h ile  th e  
b lo c k  o c c u r re d  s t i l l  a t  th e  1b l a s t 1 g roup , th e  p r im i t iv e  
u n d i f f e r e n t i a t e d  ’b la s t*  c e l l s  w ere v e ry  much in c r e a s e d  i n  
number and  su b se q u e n t fo rm s w ere s c a n ty  show ing a c o n d it io n  
s i m i l a r  to  t h a t  s e e n  in  u n t r e a te d  p e rn ic io u s  anaemia* I s a a c s  
c o n s id e re d  t h a t  t h i s  s t a t e  o f  th e  marrow in  c h ro n ic  n e p h r i t i s  
w i th  anaem ia i s  q u i te  c h a r a c t e r i s t i c *  He f u r t h e r  fo u n d  t h a t  j 
th e  s t e r n a l  marrow in  c h ro n ic  i n f e c t i o n  shows a b lo c k  a t  th e  j 
n o rm o b la s t ic  s t a g e ,  w hich i s  a g a in  t o t a l l y  d i f f e r e n t  from  t h a t  
i n  n e p h r i t i s *  j
Townsend, M assie  & Lyons (1937) a ls o  exam ined th e  bone j 
marrow o f  31 c a s e s  d y in g  o f  n e p h r i t i s  and a ls o  fo u n d  i t  
h y p e r p l a s t i c  and  n o t a p l a s t i c  b u t th e y  w ere o f  th e  o p in io n  t h a t  
th e  h y p e rp la s ia  was o f  th e  n o rm o b la s tic  type*
F u r t h e r /
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F u r th e r  i t  may be n o te d  t h a t  i d io p a t h i c  a p l a s t i c  
anaem ia i s  a s s o c i a t e d  w ith  le u c o p e n ia  s in c e  th e  w h ite  c e l l s  
a r e  a f f e c t e d  a s  w e l l  a s  th e  re d  c e l l s ,  w h ereas th e  s e v e re  
anaem ia i n  th e  p a t i e n t s  d e s c r ib e d  h e re  was accom pan ied  by a 
s l i g h t  le u c o c y to s is *
SUMMARY OF PART IV,
The i n v e s t i g a t i o n s  t h a t  have been  d e s c r ib e d  le a d  to  
c e r t a i n  c o n c lu s io n s  r e g a rd in g  th e  cau se  o f  anaem ia i n  
n e p h r i t i s *
H aem atu ria  may, i n  e x c e p t io n a l  c a s e s ,  be so  s e v e re  t h a t  
i t  c o n t r i b u te s  m a t e r i a l l y  to  th e  p r o d u c t io n  and m a in ten a n ce  o f  
some d eg ree  o f  anaem ia* I t  i s  p ro b a b le ,  how ever, t h a t  th e  
anaem ia b o  p ro d u ce d  i s  n o t th e  c h a r a c t e r i s t i c  anaem ia o f  c h ro n ic  
h aem o rrh ag ic  n e p h r i t i s  and  h a e m a tu ria  can n o t a c c o u n t f o r  th e  
anaem ia i n  th e  g r e a t  m a jo r i ty  o f  cases*  V a r ia t io n s  i n  th e  
f l u i d  c o n te n t  o f  th e  b lo o d  o c c u r a t  w e l l  d e f in e d  s ta g e s  in  
a c u te  h aem o rrh ag ic  n e p h r i t i s  and  i n  n e p h ro t ic  n e p h r i t i s *
I
These changes may s im u la te  t r u e  anaem ia and  i f  t h e i r  p re s e n c e
Ii
i s  o v e r lo o k e d , may le a d  to  an  e rro n e o u s  d ia g n o s is ,  b u t  th ey  
v e ry  r a r e l y  p ro d u ce  a v a r i a t i o n  in  th e  b lo o d  co un t o f  more 
th a n  1 ,0 0 0 ,0 0 0  r e d  b lo o d  c e l l s  p e r  c*mm* and p la y  no p a r t  in  
th e  p r o d u c t io n  o f  th e  t r u e  anaemia*
A l l  th e  e v id en ce  i s  a g a in s t  h aem o ly s is  a s  an e t i o l o g i c a l  j
. f
f a c t o r  i n  th e  anaem ia o f  n e p h r i t i s *
Of a l l  th e  c a u se s  o f  a l l  forens o f  anaem ia d e f e c t iv e  j 
m a n u fa c tu re /
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m a n u fa c tu re  o f  r e d  c e l l s  i s  by f a r  th e  commonest an d  i t  i s  
p ro b a b le  t h a t  th e  anaem ia o f  n e p h r i t i s  m ust a l s o  be a t t r i b u t e d  
to  some c o n d i t io n  d e t r im e n ta l  to  th e  developm ent o f  th e  r e d  
c e l l*
No c o r r e l a t i o n  can be shown betw een  anaem ia and  
a z o ta e m ia  o r  any o th e r  p a th o lo g ic a l  f e a t u r e  o f  n e p h r i t i s  and  
no to x in  has e v e r  been  d e m o n s tra te d  in  th e  b lo o d  o f  th e s e  
p a t i e n t s #
T here  i s  some resem b lan ce  betw een  t h i s  ty p e  o f  anaem ia 
and  th e  anaem ia t h a t  o c cu rs  in  c h ro n ic  s e p s is *  I n  b o th  th e r e  
i s  a v e ry  h y p e r p l a s t i c  s t a t e  o f  th e  bone marrow and  no 
d im in u tio n  o f  r e t i c u l o c y t e s  i n  c o n t r a s t  to  th e  m arked ly  
a p l a s t i c  marrow and  ab sen ce  o f  r e t i c u l o c y t e s  so  c h a r a c t e r i s t i c  
o f  i d io p a t h i c  p r im a ry  a p l a s t i c  anaem ia* The e x c e s s iv e  
a c c u m u la tio n  o f  p r i m i t iv e  c e l l s  and  th e  ab sen ce  o f  m a tu re r  
fo rm s i n  th e  bone marrow in  n e p h r i t i c  anaem ia s u g g e s ts  by 
a n a lo g y  w ith  o th e r  ty p e s  o f  an aem ia , t h a t  some f a c t o r  
n e c e s s a ry  f o r  m a tu ra t io n  i s  d e f ic ie n t*  W hether i t  i s  
r e n d e re d  i n a c t i v e  by c i r c u l a t i n g  to x in s  o r  i s  q u a n t i t a t i v e l y  
in a d e q u a te  a s  a r e s u l t  o f  d i e t e t i c  o r  o th e r  i n s u f f i c i e n c y  
c a n n o t a s  y e t  be decided*  I t  may be added t h a t  i n  th e  c o u rs e  
o f  th e  p r e s e n t  s tu d y ,  v ig o ro u s  t r e a tm e n t  o f  a number o f  th e  
more s e v e r e ly  anaem ic p a t i e n t s  w ith  l a r g e  d o ses  o f  V itam in  C, 
i r o n ,  and  l i v e r ,  has co n firm ed  th e  lo n g  r e c o g n is e d  f a c t  t h a t  
th e s e  s u b s ta n c e s  have no c u r a t iv e  e f f e c t  w hatsoever*
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PART V.
THE BLOOD AND PLASMA VOLUME IN NEPHRITIS.
I t  has been  shown ( P a r t  11) t h a t  I n  c e r t a i n  ty p e s  o f  
n e p h r i t i s ,  s e r i a l  r e d  c e l l  c o u n ts  and  haem oglob in  e s t im a t io n s  
done d u r in g  th e  c o u rse  o f  th e  d is e a s e  r e v e a le d  f l u c t u a t i o n s  
w h ich  w ere  c lo s e ly  r e l a t e d  to  th e  d e g re e  and  c o u rs e  o f  oedema 
and  to  th e  volume o f  u r in a r y  e x c re t io n *  D u rin g  th e  p h a se  o f  
re c o v e ry  i n  a c u te  n e p h r i t i s ,  w i th  th e  o n s e t  o f  d i u r e s i s  and  
th e  c o n seq u e n t d im in u tio n  i n  oedema, th e  b lo o d  c o u n t r i s e s  
by a b o u t 700 ,000  r e d  b lo o d  c e l l s  p e r  c*mm* and  when th e  e x c e ss  
o f  t i s s u e  f l u i d  has been  e x c r e te d  an d  d i u r e s i s  s u b s id e s  th e  
r e d  c e l l  co u n t r e t u r n s  to  i t s  p re v io u s  le v e l*  I n  c o n t r a s t ,  
i n  th e  n e p h ro t ic  syndrom e th e  r e d  c e l l  co u n t r i s e s  w ith  
i n c r e a s in g  oedema and  o l i g u r i a  and  f a l l s  s h a rp ly  d u r in g  
d im in is h in g  oedema and  d iu r e s is *  The haem oglobin  shows 
s i m i l a r  and  p r o p o r t io n a te  changes* These c h a r a c t e r i s t i c  
f l u c t u a t i o n s  s u g g e s t  t h a t  th e  m echanism  o f  d i u r e s i s  and  
re c o v e ry  i n  a c u te  n e p h r i t i s  w i th  oedema i s  q u i te  d i f f e r e n t  
fro m  t h a t  i n  th e  c h ro n ic  n e p h ro t ic  type* Changes i n  th e  
r e d  c e l l  c o u n t, haem oglob in  c o n te n t ,  and  plasm a -  r e d  c e l l  
r a t i o ,  how ever, do n o t n e c e s s a r i l y  i n d ic a t e  changes i n  p lasm a 
volum e f o r  th e y  may be b ro u g h t a b o u t by a l t e r a t i o n  i n  th e  
t o t a l  number o f  c i r c u l a t i n g  r e d  c e l l s *  An a t te m p t  has b een  
made to  d e te rm in e  w h e th e r th e  o b se rv e d  changes w ere i n  f a c t ,  
due to  v a r i a t i o n  i n  th e  p lasm a volum e i n  th e s e  ty p e s  o f  
n e p h r i t i s /
n e p h r i t i s  and  p lasm a volume e s t im a t io n s  have been  done a t  
d i f f e r e n t  s t a g e s  o f  th e  d is e a s e  i n  12 p a t i e n t s  w i th  a c u te  
n e p h r i t i s  and  5 p a t i e n t s  w i th  n e p h ro t ic  n e p h r i t i s .  I n  
a d d i t i o n ,  th e  b lo o d  volume was e s t im a te d  i n  5 p a t i e n t s  w ith  
n e p h r o s c le r o s i s  and  in  6 c a s e s  o f  c h ro n ic  h aem o rrh ag ic  
n e p h r i t i s ,  f o r  o n ly  by d i r e c t  m easurem ent o f  th e  b lo o d  and  
p lasm a volum es can  d e c i s iv e  e v id e n ce  r e g a r d in g  th e  p re s e n c e  
o f  anaem ia be o b ta in e d .
B lood  Volume M ethods.
I n  1854* H. W elcker d e s c r ib e d  th e  f i r s t  s u c c e s s fu l  
a t te m p t  to  m easu re  th e  amount o f  b lo o d  i n  th e  body. H is  
e x p e r im e n ts  w ere c a r r i e d  o u t on a n im a ls  and h i s  m ethod  
c o n s i s t e d  in  o p en in g  a v e in  on e i t h e r  s id e  o f  th e  body. 
P h y s io lo g ic a l  s a l i n e  was a llo w e d  to  flo w  in to  one v e in  a t  
a b o u t th e  same r a t e  a s  th e  b lo o d  f lo w e d  from  th e  o th e r .  T h is  
was c o n tin u e d  u n t i l  th e  h e a r t  s to p p e d  b e a t in g  when a p r e s s u r e  
sy s te m  was a p p l ie d  and  s a l i n e  f o r c e d  th ro u g h  th e  c i r c u l a t i o n  
u n t i l  th e  f l u i d  f lo w in g  from  th e  open v e in  was p e r f e c t l y  c l e a r .  
The p e r f u s io n  was th e n  s to p p e d , sam ples o f  th e  t i s s u e s  were 
m a c e ra te d  and  t h e i r  haem oglobin  c o n te n t  e s t im a te d .  T h is  
haem og lob in  was th e n  added  to  th e  haem oglobin  o b ta in e d  by 
p e r f u s io n  and  th e  t o t a l  haem oglobin  o f  th e  body was th u s  
m easu red . The b lo o d  volume was th e n  c a l c u l a t e d  from  th e  
c o n c e n t r a t io n  o f  haem oglobin  i n  th e  b lo o d  b e fo re  commencing
th e  b le e d in g .
B i s e h o f f /
70.
B is e h o f f  (1656) s u b s e q u e n tly  a p p l i e d  th e  same 
te c h n iq u e  on two condemned c r im in a ls *  T h is  m ethod i n d i c a t e d  
a  t o t a l  b lo o d  volume o f  ab o u t 1 /1 3 th  o f  th e  body w e ig h t b u t  
h as b een  c r i t i c i s e d  on th e  g rounds t h a t  i t  in c lu d e s  
m yohaem oglobin w hich  i s  n o t p a r t  o f  th e  c i r c u l a t i n g  blood*
W e lc k e r 's  m ethod has b een  m o d if ie d  by num erous w o rk e rs  
who in t ro d u c e d  v a r io u s  re f in e m e n ts  o f  te c h n iq u e  and  one o f  th e  
m ost u s e f u l  o f  th e s e  m o d if ie d  m ethods i s  t h a t  o f  H a r r is  (1 9 2 0 ): 
h i s  e x p e rim e n t may be d iv id e d  i n t o  th r e e  s ta g e s
1* A 1 c .c *  sam ple  o f  b lo o d  i s  w ithd raw n  f o r  
haem og lob in  e s t im a tio n *
2* B le e d in g  i s  commenced and  a t  th e  same tim e*
gum s a l i n e  i s  in f u s e d  to  a v e in  on th e  o p p o s i te  
s id e  o f  th e  body and t h i s  i s  c o n tin u e d  u n t i l  
th e  a n im a l shows s ig n s  o f  c o l la p s e  when b o th  
b le e d in g  and  in f u s io n  a re  stopped*
3* A f u r t h e r  f i v e  m in u te s  i s  a llo w e d  f o r  th e  b lo o d  
s t i l l  i n  th e  v e s s e l s  to  m ix th o ro u g h ly  w ith  th e  
gum s a l i n e  and  th e n  a n o th e r  1 c .c*  sam ple i s  
w ith d raw n  and  i t s  haem oglob in  c o n te n t  e s tim a te d *
When th e  haem oglob in  o f  th e  l a s t  sam ple i s  s u b t r a c te d  
fro m  th e  haem oglob in  o f  th e  f i r s t  sam p le , ta k e n  a s  100$, i t  
i n d i c a t e s  w hat p e rc e n ta g e  o f  th e  b lo o d  has been  w ithd raw n  and  
th e  a e t u a l  q u a n t i ty  can  be c a l c u l a t e d  r e a d i ly  from  th e  volum e 
and  haem og lob in  c o n te n t  o f  th e  p e r fu s e d  f lu id *  T h is  m ethod 
g iv e s  a b lo o d  volume o f  a b o u t 1/12*th (7$ ) o f  th e  body w eigh t*
The se c o n d  m ethod o f  b lo o d  volume e s t im a t io n  t o  be 
d e v e lo p e d  was d ep en d en t on th e  a f f i n i t y  o f  haem oglobin  f o r  
G arbon monoxide* G rehan t and  Q uinquaud (1882) o r ig in a t e d  th e  
m e th o d /
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m ethod  and  i t  was l a t e r  a d o p te d  and  im proved  i n  t h i s  c o u n try  
by H aldane & S m ith  (1899) so  t h a t  i t  c o u ld  be a p p l i e d  to  
human s u b je c ts *  I t  in v o lv e s  c o n s id e r a b le  t e c h n ic a l  
d i f f i c u l t i e s  b u t i s  s a i d  to  be p e r f e c t l y  s a f e  i n  h e a l th  and  
d i s e a s e ,  an d , i n  th e  hands o f  e x p e r t s ,  to  have an  e x p e r im e n ta l  
e r r o r  o f  o n ly  5% (A rn o ld  e t  a l.,1 9 2 1 ; B a r c r o f t  & S te p h e n s , 1927) 
The p r i n c i p l e  o f  th e  m ethod c o n s i s t s  o f  th e  i n t r o d u c t i o n  o f  a 
known q u a n t i ty  o f  ca rb o n  m onoxide to  th e  b lo o d  th ro u g h  th e  
lu n g s  and  th e  su b s e q u e n t e s t im a t io n  o f  th e  amount o f  th e  g as  
i n  a  known volum e o f  blood* T h is  m ethod i n d i c a t e s  a  b lo o d  
volum e i n  a d u l t  humans o f  betw een  1 /1 6 th  and  1 /1 7 th  o f  th e  
body w e ig h t ( s a lv e s e n ,  1919)* much lo w er th a n  t h a t  fo u n d  by 
o th e r  m ethods* H ow ever, th e  m ethod shows a h ig h  d e g re e  o f 
a c c u ra c y  when a p p l ie d  b e fo re  and  a f t e r  c o n t r o l l e d  haem orrhage 
and  by d o in g  r e p e a te d  d a i ly  e s t im a t io n s  (A rn o ld ,1921)•
C r i t i c i s m  o f  t h i s  ty p e  o f  e x p e r im e n t has been  m a in ly  d i r e c t e d  
to  a l l e g e d  f a i l u r e  o f  th e  c a rb o n  m onoxide to  r e a c h  r e l a t i v e l y  
s ta g n a n t  p a r t s  o f  th e  c i r c u l a t i o n  d u r in g  th e  a l l o t t e d  tim e  
( B a r c r o f t , 1925) and  to  th e  in a c c u ra c y  o f  th e  h a e ra a to c r i t  a s  a 
m easu re  o f  th e  re d  c e l l  -  p lasm a r a t i o  th ro u g h o u t th e  body 
(R o b e rts  & O ra n d a l, 1933; Sm ith  e t  a l*1921)«
A t h i r d  m ethod o f  e s t im a t in g  b lo o d  volume was 
in tro d u c e d  i n  1915 by K e ith , R ow ntree and G eragh ty  and  i s  
r e a l l y  an  e s t im a t io n  o f th e  c i r c u l a t i n g  p lasm a volume from  
w hich  th e  b lo o d  volume i s  c a l c u l a t e d  by u s in g  th e  h a e m a to c rit*  
i n /
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l a  t h i s  method* a f o r e ig n  s u b s ta n c e  i s  in t ro d u c e d  d i r e c t l y  
i n t o  th e  b lo o d  s tr e a m , some tim e  a llo w e d  f o r  th e  s u b s ta n c e  to  
become e v e n ly  d i s t r i b u t e d  th ro u g h o u t th e  p la sm a , and  th a n  a 
sam ple  o f  b lo o d  w ith d raw n  and  th e  c o n c e n t r a t io n  o f  th e  
i n j e c t e d  su b s ta n c e  i n  i t  e s t im a te d  c o l o r i m e t r i c a l l y  o r  by 
o th e r  m eans. The d i f f i c u l t y  i n  t h i s  m ethod was to  f i n d  a 
s u b s ta n c e  h a v in g  a l l  th e  n e c e s sa ry  c h a r a c t e r i s t i c s .
1 . R e a d ily  m is c ib le  w ith  th e  p la sm a .
2 . R o t e x c r e te d  from  th e  c i r c u l a t i o n  w i th in  th e  
tim e  n e c e s s a ry  f o r  com p le te  m ix in g .
3* E a s i ly  r e c o g n is a b le  i n  th e  b lo o d  sam p le .
4* N o n - to x ic .
K e i th ,  R ow ntree & G eragh ty  (1915) u sed  a r a r e  dye 
c a l l e d  ’v i t a l  red* i n  t h e i r  e a r l i e r  e x p e rim e n ts  b u t  l a t e r  
changed  to  'co n g o  r e d ’ f o r  re a s o n s  t h a t  w i l l  be d is c u s s e d  
below . A p a rt from  th e s e  two dyes mar$r o th e r  s u b s ta n c e s  have 
b een  u se d  i n  a t te m p ts  to  a v o id  v a r io u s  l i m i t a t i o n s  o f  th e  
m ethod .
Dawson, Evans & W hipple (1920) t e s t e d  a v e ry  l a r g e  
number o f  d i f f e r e n t  d yes and  fo u n d  t h a t  many o f  them  gave 
r e s u l t s  a lm o s t i d e n t i c a l  to  th e  o r i g i n a l  v i t a l  r e d .  They 
p r e f e r r e d  a s p e c i a l  b lu e  azo  dye (T 1824) a s  b e in g  e a s i e r  
f o r  c o lo r im e t r  i c  r e a d in g •
S e e k in g  a s u b s ta n c e  w hich  w ould rem ain  e n t i r e l y  
w i th in  th e  c i r c u l a t i o n ,  Meek & G a sse r (1918) u sed  gum a c a c ia  
i n /
i n  b lo o d  volume e x p e rim e n ts  i n  r a b b i t s  and  o b ta in e d  good 
r e s u l t s *  The m ethod i s  c o n s id e re d  u n d e s i r a b le  b e ca u se  i t  
i s  n e c e s s a ry  t o  i n j e c t  su c h  a l a r g e  amount o f  gum a c a c ia  t h a t  
i t  m ust i t s e l f  c au se  c o n s id e ra b le  change i n  th e  b lo o d  volum e 
and  f u r t h e r ,  th e  m ethod o f  e s t im a t in g  th e  c o n c e n t r a t io n  o f  
th e  su b s ta n c e  i n  th e  b lo o d  i s  n o t v e ry  a c c u ra te #
I n  a s i m i l a r  a tte m p t to  f i n d  a s u b s ta n c e  t h a t  w ould 
b e  n o n - to x ic  an d  w ould  rem ain  w i th in  th e  v a s c u la r  sy s te m  f o r  
some t im e , Lee & W hipple (1921) t r i e d  haem og lob in , w i th  
s a t i s f a c t o r y  r e s u l t s ,  i n  dogs* The a d v a n ta g e  c la im e d  was 
t h a t  th o u g h  th e  haem oglob in  was e n t i r e l y  e l im in a te d  from  th e  
b lo o d  s tr e a m  i n  18 h o u rs ,  i t  was rem oved v e ry  s lo w ly  a t  f i r s t *  
The m ethod h as n o t fo u n d  g e n e ra l  f a v o u r  b ecausb  a c c id e n ta l  
h a e m o ly s is  i n  ta k in g  a b lo o d  sam ple  can n o t be r e c o g n is e d , 
s u i t a b l e  haem og lob in  i s  v e ry  d i f f i c u l t  to  p r e p a r e ,  and  th e  
m ethod has no a d v a n ta g e  o v e r th e  o r i g i n a l  dye m ethods*
The i n j e c t i o n  o f a known q u a n t i ty  o f  a n t i - t o x i n  o r  o f  
w hole b lo o d  has a l s o  been  t r i e d  (Lamson & Ha gay ama, 1920)* The 
fo rm e r  m ethod  i s  u n s u i ta b le  and  in a c c u r a te  a s  i t  r e q u i r e s  
b i o l o g i c a l  a s sa y e  o f  th e  a n t i - t o x i n ,  b u t  th e  l a t t e r  m ethod , 
th o u g h  l e s s  a c c u ra te  th a n  th e  dye i n j e c t i o n s ,  may g iv e  a 
u s e f u l  r e s u l t  an d  i s  e a s i l y  a p p l ie d  when a b lo o d  t r a n s f u s io n  
i s  done f o r  th e r a p e u t i c  p u rposes*
Ashby (1925) s u g g e s te d  t h a t  th e  in tra v e n o u s  i n j e c t i o n  
o f  g roup  ’O’ b lo o d  to  a r e c i p i e n t  o f  one o f  th e  o th e r  g roups 
c o u ld /
c o u ld  be made u se  o f  a s  a means o f  e s t im a t in g  th e  b lo o d  
volume by a p ro c e s s  o f  d i f f e r e n t i a l  a g g lu t i n a t io n  o f  th e  c e l l s  
i n  th e  r e c i p i e n t ’s b lo o d  s h o r t l y  a f t e r  th e  t r a n s fu s io n *  He 
d e s c r ib e d  a te c h n iq u e  f o r  c a r r y in g  o u t t h i s  d i f f e r e n t i a l  
a g g lu t i n a t io n  and  th e re b y  e s t im a t in g  th e  d i l u t i o n  o f  th e  
d o n o r ’ s  c e l l s  i n  th e  r e c i p i e n t ’s  b lood*
The m ethod has been  d e v e lo p e d  by M cM ichael e t  a l* (1943) 
who c la im e d  an e x p e r im e n ta l  e r r o r  o f  o n ly  + 5$* The m ethod i s  
o n ly  o f  u se  i n  anaem ic p a t i e n t s  and  i s  s u b je c t  to  th e  g ra v e  
d a n g e r  o f  u n re c o g n is a b le  v a r i a t i o n s  i n  th e  p lasm a volume o f  
th e  p a t i e n t  d u r in g  th e  c o m p a ra tiv e ly  b u lk y  t r a n s fu s io n *
W ith  th e  r e c e n t  i n t r o d u c t io n  o f  r a d i o - a c t iv e  e le m e n ts  
to  c l i n i c a l  p r a c t i c e ,  a t te m p ts  have b een  made to  u t i l i s e  some 
o f  th e s e  s u b s ta n c e s  f o r  b lo o d  volume e s t im a tio n s *
Hahn e t  a l * (1940) have d e s c r ib e d  a m ethod w hereby 
r a d i o - a c t i v e  i r o n  i s  u n i te d  w i th  th e  r e d  b lo o d  c e l l s  and rem ains 
f i r m ly  a t t a c h e d  to  them f o r  s e v e r a l  days* The a c t i v a t i o n  can  
be  done o n ly  ’i n  vivo* and  a s  t h i s  in v o lv e s  a c t i v a t i n g  th e  
w hole o f  th e  d o n o r’ s  b lo o d , th e  m ethod can  n o t be u sed  
e x te n s iv e ly  i n  human be ings*  More r e c e n t ly  a te c h n iq u e  has 
been  d e v e lo p e d  (Hahn e t  al* ,1942) f o r  e s t im a t in g  r e d  c e l l  
volum e a f t e r  f e e d in g  anaem ic dogs w ith  r a d i o - a c t iv e  i r o n ,  
b u t  r a d i o - a c t iv e  i r o n  i s  v e ry  d i f f i c u l t  to  p re p a re  and  can  have 
no im p o r ta n t  p la c e  i n  r o u t in e  human b lo o d  volume e x p e rim e n ts  
u n t i l  more o f  th e  t e c h n ic a l  d a n g e rs  have been  overcome* How­
e v e r  i t  has b een  shown t h a t  r a d i o - a c t iv e  p h o sp h o ru s can  be 
p r e p a r e d /
p re p a re d  and  a t t a c h e d  t o  r e d  c e l l s  f i n  v i t r o 1 (H evesy e t  a l . ,  
1944) and th e  a c t i v a t e d  r e d  c e l l s  can  be i n j e c t e d  i n t o  human 
s u b j e c t s .  The t e c h n ic a l  d i f f i c u l t i e s  and  u n a v o id a b le  
e x p e r im e n ta l  e r r o r s  o f  a l l  th e s e  m ethods d ep en d in g  upon r a d i o ­
a c t iv e  e le m e n ts  r e n d e r s  them  o f  l i t t l e  o r  no v a lu e  in  r o u t in e  
e x p e r im e n ta l  p r a c t i c e .  T h e ir  m ain v a lu e  h as been  to  show 
c o n c lu s iv e ly  t h a t  m ix ing  o f th e  i n j e c t e d  m a te r i a l  in  th e  
b lo o d  s tre a m  i s  com p lete  w i th in  l e s s  th a n  th r e e  m in u te s  and 
t h a t  no  c o n s e q u e n t ia l  r e s e r v o i r  o f r e d  c e l l s  e x i s t s  o u ts id e  
th e  a c t i v e  c i r c u l a t i o n  in  th e  b lo o d  v e s s e l s  (Hahn e t  a l . ,  1942).
Went & D rin k e r  (1929) d e v e lo p ed  a  m icro -m ethod  in  
w h ich  th e  r e s u l t  i s  o b ta in e d  by m atch in g  a c a p i l l a r y  tu b e  
a g a in s t  p re p a re d  s t a n d a r d s .  T h is  m ethod was u sed  on c a t s ,  
r a b b i t s ,  g u in e a  p ig s  and m ice w ith  a p p a re n t  s u c c e s s .  I t  has 
n o t  been  u se d  in  human b e in g s  a s  i t  c an n o t be a s  a c c u ra te  as
th e  r e s u l t s  o b ta in e d  w ith  a  c o lo r im e te r .
I t  i s  commonly a g re e d  t h a t  th e  W elcker and th e  c a rb o n
monoxide m ethods g iv e  th e  c o r r e c t  r e d  c e l l  volume and th e  dye 
m ethod g iv e s  a  r e l i e a b l e  p lasm a volume (S m ith  e t  a l . , 1 9 2 1 ) , 
and even  i f  th e  a b s o lu te  v a lu e s  a re  n o t  a c c u ra te  th e r e  I s  
c e r t a i n l y  no doub t t h a t  th e  c a rb o n  monoxide and dye m ethods 
p ro v id e  a c c u ra te  means o f m easu rin g  changes in  b lo o d  volume 
(Hopper e t  a l . ,  1 9 4 4 ). Of th e s e  th r e e  b a s ic  m eth o d s, i t  i s  a t  
once obv io u s t h a t  th e  W elcker m ethod can n o t be u se d  In  c l i n i c a l  
p r a c t i c e ,  s in c e  i t  s a c r i f i c e s  th e  l i f e  o f th e  s u b j e c t .  The 
C a rb o n /
c a rb o n  m onoxide m ethod has p ro v e d  v e ry  a c c u r a te  i n  th e  hands 
o f  some e x p e r t s  (A rn o ld  e t  a l.,1 9 2 1 ; S a lv e se n , 1919; M c In to sh , 
1929; W a te r f ie ld ,1 9 3 1 ) b u t o th e r s  have fo u n d  c o n s id e r a b le  
v a r i a t i o n s  i n  i t s  r e s u l t s ,  p e rh a p s  due i n  p a r t  to  th e  g r e a t  
num ber o f  t e c h n ic a l  d i f f i c u l t i e s  in v o lv e d  i n  th e  method* 
F u r t h e r ,  th e  r e s u l t s  o b ta in e d  a re  n e a r ly  a lw ays much lo w er 
th a n  th o s e  o f  any  o th e r  methods*
The dye m ethod has much l e s s  t e c h n ic a l  d i f f i c u l t y ,  
g iv e s  f a i r l y  c o n s i s t e n t  r e s u l t s ,  and  i s  w e l l  s u i t e d  f o r  
c l i n i c a l  a p p l i c a t i o n  (Lamson & Nagayama, 1 9 2 0 ). i t  w as, 
t h e r e f o r e ,  d e c id e d  to  u se  one o f  th e  m o d if ic a t io n s  o f  K eith#  
R ow ntree & G e ra g h ty ’s  o r i g i n a l  1v i t a l  red*  method*
W orking on t h i s  m ethod i n  London# H a r r is  (1920) was 
s t r i v i n g  to  f i n d  some dye t h a t  w ould be re d  i n  th e  blood# so  
a s  n o t to  g iv e  th e  s u b je c t  a p e c u l i a r  c o lo u r  a f t e r  i n j e c t i o n ,  
and  y e t  c o u ld  be a l t e r e d  to  a n o th e r  c o lo u r  a f t e r  rem oval from  
th e  body and so  a v o id  any p o s s ib l e  c o n fu s io n  w i th  a c c id e n ta l  
h aem o ly sis*  He t r i e d  congo r e d ,  w h ich  i s  an  i n d i c a t o r  t h a t  
i s  r e d  i n  th e  fo rm  o f  i t s  sodium  s a l t  and  b lu e  i n  th e  fo rm  
o f  a f r e e  ac id *  The dye p ro v ed  a f a i l u r e  f o r  th e  p u rp o se  f o r  
w h ich  i t  was t r i e d  a s  i t  was n o t s u f f i c i e n t l y  c o n c e n tr a te d  i n  
th e  serum  to  g iv e  a s u i t a b l e  change o f  c o lo u r  on a c id if y in g #  b u t  
H a r r i s  c o n s id e re d  t h a t  f o r  b lo o d  volume e s t im a t io n s  i t  was a  
more s u i t a b l e  dye th a n  v i t a l  r e d  b ecau se  i t  i s  -
1• co m m erc ia lly  a v a i la b le *
2* /
2# L e s s  R a p id ly  e x c r e te d  from  th e  blood*
3* N o n -to x ic*
4» P ro d u c e s  l e s s  p h y s io lo g ic a l  change i n  th e  s u b je c t*
R ow ntree & Brown (1929) t e s t e d  congo r e d  and  f i n d in g  i t  
e n t i r e l y  s a t i s f a c t o r y  u se d  i t  i n s t e a d  o f  v i t a l  r e d  i n  a l l  t h e i r  
s u b s e q u e n t e x p e rim en ts*  L in d h a rd  (1926) on th e  o th e r  hand  
t e s t e d  congo r e d  b u t  fo u n d  t h a t  i t  changed i t s  sh ad e  on m ix tu re  
w i th  th e  p lasm a p r o t e i n s  and  he d is c a r d e d  i t  i n  f a v o u r  o f  v i t a l  
red*
Dawson e t  a l . ( 1 9 2 0 )  c la im e d  t h a t  v i t a l  red# congo red#  
and  th e  b lu e  dye T. 1#24# w ere e q u a l ly  e f f i c a c io u s  and  o th e r s  
(Robinow & H a m il to n ,19405 G reg e rsen , 1938) have c o n firm ed  t h e i r  
work* R e c e n tly ,  how ever, a number o f  w o rk e rs  have fa v o u re d  
th e  b lu e  d y e , T* 1824 (S c h u ltz  e t  a l.,1 9 4 0 ; Evans & G ib so n ,1937; 
D av is , 1942; G re g ersen , 1944; W a lte rs  e t  a l.,1947 )*  The b lu e  
dye has th e  d is a d v a n ta g e  t h a t  a h ig h e r  c o n c e n tr a t io n  i s  
r e q u i r e d  i n  th e  b lo o d  to  g iv e  a s u i t a b l e  c o lo u r  f o r  m a tc h in g , 
atad i t  o f t e n  g iv e s  th e  p a t i e n t  a v e ry  u n h e a lth y  appearance*
On th e  o th e r  hand# i t  h as a d i f f e r e n t  a b s o r p t io n  sp e c tru m  from  
haem og lob in  and  so  an  e s t im a t io n  can  be made i n  th e  p re s e n c e  o f  
s l i g h t  h a e m o ly s is  when a s p e c tro p h o to m e te r  i s  u se d  f o r  th e  
c o lo r im e try *  I t  has no a d v an tag e  o v e r th e  e a r l i e r  dye# congo 
red# u n le s s  th e  c o lo r im e try  i s  done w i th  a s p e c tro p h o to m e te r  
(G re g e r s e n ,1938) and  a f t e r  e x te n s iv e  t r i a l s  w ith  b o th  
s p e c tro p h o to m e te r  and  co m pensa ting  c o lo r im e te r  f o r  th e  dye 
m ethod  o f  p lasm a volume e s t im a tio n #  Weech e t  a l* (1 9 3 7 )  
p r e f e r r e d /
p r e f e r r e d  th e  co m p en sa tin g  c o lo r im e te r  a s  b e in g  j u s t  a s  
a c c u r a te  a s  th e  s p e c tro p h o to m e te r ,  and  much l e s s  tim e  consuming* 
I n  th e  p r e s e n t  s e r i e s  o f  t e s t s  i t  was d e c id e d  to  
commence w i th  K eith#  R ow ntree & G eragh ty*s m ethod u s in g  
congo r e d  and  a  B u rk e r co m p en sa tin g  c o lo r im e te r  and  a s  th e  
p ro c e d u re  p ro v e d  e n t i r e l y  s a t i s f a c t o r y  i t  h as  been  u se d  |
e x c lu s iv e ly *  I
The Dye M ethod o f  K e ith , R ow ntree & G eragh ty  and  i t s  l im ita t io n s *  \ 
K e ith#  R ow ntree  & G eragh ty*s (1915) m ethod o f  j
e s t im a t in g  th e  c i r c u l a t i n g  b lo o d  volume c o n s i s t s  o f  th e  
i n j e c t i o n  o f  a known q u a n t i ty  o f  \% congo r e d  ( v i t a l  r e d  i n  
th e  o r i g i n a l  e x p e r im e n ts )  i n t o  an  elbow  v e in  o f  one arm a f t e r  I
an  8 c*c* sam ple  o f  b lo o d  has been  w ithdraw n* E x a c t ly  4
ji
m in u te s  a f t e r  th e  c o m p le tio n  o f  th e  i n j e c t i o n  a f u r t h e r  8 c*c* 
sam ple  o f  b lo o d  i s  w ithd raw n  from  th e  elbow  v e in  o f  th e  
o p p o s i te  arm* B o th  b lo o d  sam ples a re  added  to  a s u i t a b l e  
a n t i - c o a g u la n t  and  c e n t r i f u g e d  u n t i l  p a c k in g  o f  th e  r e d  c e l l s  ;
i s  com plete*  The f i r s t  sam ple p ro v id e s  undyed p lasm a f o r  
u se  a s  a co m p en sa tin g  f l u i d  i n  th e  su b se q u e n t c o lo r im e try  and  
th e  se c o n d  sam ple g iv e s  th e  h a e m a to c r i t  r e a d in g  and  th e  dyed 
p lasm a* A s ta n d a r d  s o lu t io n  o f  th e  dye i s  made up w ith  
d i s t i l l e d  w a te r :  th e  dyed p lasm a and  w a te r  a re  th e n  com pared
w ith  th e  undyed p lasm a and th e  s ta n d a r d  aqueous s o l u t io n  o f  
th e  dye i n  a s u i t a b l e  com pensa ting  c o lo r im e te r*  From th e  
f i g u r e s  so  o b ta in e d  th e  d eg ree  o f  d i l u t i o n  o f  th e  dye i n  th e  
p la s m a /  j
p lasm a  can  be deduced  and  th e  c i r c u l a t i n g  p lasm a volum e can  
be c a lc u la te d *  By a p p ly in g  th e  h a e m a to c r i t  o b s e r v a t io n  th e  
t o t a l  volum e o f  th e  b lo o d  i s  c a lc u la te d *
When p r o p e r ly  c a r r i e d  out# t h i s  m ethod g iv e s  an 
e x p e r im e n ta l  e r r o r  o f  o n ly  + 5 $  (K0i t h ,  R ow ntree & G erag h ty , 
1915) and  i n  e x p e r ie n c e d  hands o n ly  h a l f  o f  t h a t  (L in d h a rd , 
1926)* I t  i s  e s s e n t i a l  t h a t  a co m p en sa tin g  d e v ic e  be u se d  
i n  th e  c o l o r i m e t r i c a l  e x a m in a tio n  a s  th e  c r y s t a l l o i d s  and  
c o l l o i d s  i n  th e  p lasm a a l t e r  th e  o p t i c a l  a b s o r p t io n  o f  th e  
dye (G ra f f  & C l a r k e ,1931)*
A t t h i s  s ta g e  i t  i s  a d v an tag e o u s  to  exam ine some o f  
th e  t e c h n ic a l  and  p h y s io lo g ic a l  l i m i t a t i o n s  o f  th e  m ethod 
o u t l i n e d  above*
The e n t i r e  e s t im a t io n  sh o u ld  be done on a f a s t i n g  
s u b j e c t  i n  o r d e r  t o  o b ta in  p lasm a a s  f r e e  from  l ip o i d s  a s  
p o s s ib le *
D u rin g  th e  f i r s t  m in u te  o r  so th e  dye i s  s a i d  to  p a s s  
fro m  th e  c i r c u l a t i o n  more r a p id ly  th a n  s u b s e q u e n tly  (Row ntree 
& Brown, 1929) and  fro m  5$ to  8% p a s s e s  o u t o f  th e  c i r c u l a t i o n  
d u r in g  th e  f i r s t  h o u r (G re g e rse n , G ibson & S t e a d ,1935)* I t  
i s  g e n e r a l ly  a g re e d  t h a t  a f t e r  th e  f i r s t  s i x  m in u te s  th e  dye 
d is a p p e a r s  fro m  th e  b lo o d  a t  a b o u t th e  r a t e  o f  2*5% to  3#  p e r  
h o u r (G ra f f  e t  a l.,1 9 3 1 ; G ibson  & E vans, (1 ) 1937) o r  r a t h e r  
f a s t e r  (H ooper e t  a l #,1 9 2 0 )  and  p a s s e s  i n to  th e  i n t e r c e l l u l a r  
s p a c e s  w here i t  i s  s lo w ly  ta k e n  up by th e  r e t i o u l o - e n d o t h e l i a l  
c e l l s /
c e l l s  (G ra f f  e t  a l^ 1 9 3 1 )*  I t  i s  e x c r e te d  i n  th e  u r in e  and  
i n t o  th e  bow el and  congo r e d  has b een  d e m o n s tra te d  i n  th e  
t h o r a c ic  d u c t  an d  i n  th e  u r e t e r s  o f  dogs i n  7 m in u te s  and  
11 m in u te s  r e s p e c t iv e ly  a f t e r  i t s  i n j e c t i o n  ( H a r r is ,  1 9 2 0 ), 
A lm ost 50% o f  th e  dye i s  e x c r e te d  i n  th e  b i l e  (S m ith , 1930)* 
S e r i a l  e s t im a t io n s  show t h a t  th e  dye r a p id ly  becomes 
e v e n ly  m ixed th ro u g h o u t th e  c i r c u la t io n *  A cco rd in g  to  G ra f f  
e t  a l* .(1 9 3 1 ) i t  ta k e s  a t  l e a s t  6 m in u te s  f o r  t h i s  to  become 
co m p le te  b u t  R ow ntree & Brown (1929) i n  a l a r g e  s e r i e s ,  fo u n d  
no d i f f e r e n c e  i n  dye c o n c e n tr a t io n  a t  3 , 4# and  6 m inu tes*  I t  
seem s l i k e l y  t h a t  th e  change i n  dye c o n c e n tr a t io n  betw een  3 
an d  6 m in u te s  i s  w i th in  th e  e x p e r im e n ta l  e r r o r  o f  th e  m ethod 
and  m ost w o rk e rs  have a d o p te d  4  m in u te s  a s  th e  b e s t  i n t e r v a l  
be tw een  th e  dye i n j e c t i o n  and  ta k in g  th e  2nd sam ple o f  b lood*
I n  o rd e r  to  f i n d  o u t th e  t r u e  i n i t i a l  d i l u t i o n  o f  th e  
dye# G ibson & E vans (1 )  (1937) recommend ta k in g  s e r i a l  s a n p le s  
o f  b lood#  a f t e r  i n j e c t i o n  o f  th e  dye# and th u s  g e t t i n g  a c u rv e  
o f  th e  d is a p p e a ra n c e  o f  th e  dye from  th e  c i r c u l a t i o n  and  th e n  
by e x t r a p o la t i o n  o f  t h i s  c u rv e  backw ards to  th e  z e ro  tim e 
th e y  c a l c u l a t e  w hat th e y  c a l l  th e  t r u e  d i lu t io n *  T h is  
p ro c e d u re  r e q u i r e s  a b o u t 100 c*c* o f  b lo o d  and  i s  t h e r e f o r e  
n o t a p p l i c a b le  i n  c h i ld r e n  and  i n  any c a se  th e  e x p e r im e n ta l  
e r r o r  o f  th e  m ethod does n o t j u s t i f y  su c h  a c o r r e c t io n  
(G raff^ i/E sopo  & T illm a n , 1931 )• A lth o u g h  a l l  th e s e  
ex p erim en ts#  d e s ig n e d  to  d is c o v e r  th e  i d e a l  tim e  f o r  t a k in g  
t h e /
th e  se c o n d  sam ple o f  b lood# have b een  done on a d u l t s #  th e  
same I n t e r v a l#  namely# k  m inu tes#  has been  a d o p te d  i n  th e  
p r e s e n t  s tu d y  o f  c h ild re n #  b ecau se  th e  r a t e  o f  m ix in g  o f  th e  
dye i s  d e p en d e n t on th e  c i r c u l a t i o n  r a t e  (G ibson  & Evans, (2 )  
(1 937 ) an d  s in c e  t h i s  i s  more r a p id  i n  c h i ld r e n  th a n  i n  a d u l t s  
(S e ck e l# 1 9 3 6 ) i t  i s  o b v io u s  t h a t  i f  m ix in g  o f  th e  dye i n  a d u l t s  
i s  co m p le te  i n  k  m in u te s  i t  w i l l  c e r t a i n l y  be so  i n  c h ild re n *
A c e r t a i n  amount o f  s t a s i s  i s  e s s e n t i a l#  e s p e c i a l l y  
i n  oedem atous c h ild re n #  i n  o r d e r  t o  g e t  a n e e d le  i n t o  a v e in  
and  to  s e c u re  th e  b lo o d  sam ples* T h is  shou ld#  how ever, be 
o f  a s  s h o r t  d u r a t io n  a s  p o s s ib le #  and  i f  th e  s t a s i s  i s  n o t 
m a in ta in e d  f o r  more th a n  one m inute# th e  e r r o r  p ro d u ce d  i s  
p ro b a b ly  n o t s i g n i f i c a n t  (B e n n e tt e t  a l.,1938 )*  The amount o f  
f l u i d  l o s t  by 100 c*c* o f  b lo o d  h e ld  i n  th e  v e s s e l s  f o r  30 
m in u te s  a t  80 mm* Hg* i s  o n ly  tw en ty  cc*s* (L an d is , 1937) o r  
2 /3  CiC* p e r  m inute*  I t  i s  p o s s ib l e  however# t h a t  th e  r a t e  
i s  in c r e a s e d  i n  c e r t a i n  oedem atous s u b je c ts *
A f t e r  w ith d raw in g  th e  b lo o d  sa m p le s , K e i th ,  R ow ntree 
& G erag h ty  o r i g i n a l l y  u se d  f i n e l y  pow dered p o ta s s iu m  o x a la te  
a s  th e  a n t i - c o a g u la n t  b u t  H ooper e t  a l * (1920) showed t h a t  d ry  
o x a la te  c a u se d  a s h r in k a g e  o f  th e  r e d  c e l l s  o f  fro m  3% to  10$ 
d ep en d in g  upon how much o x a la te  was used* They recommended 
th e  u se  o f  1*6$ i s o t o n ic  n e u t r a l  p o ta s s iu m  o x a la te  w hich  th e y  
fo u n d  by th e o ry  and ex p e rim en t was s a t i s f a c t o z y  i n  th e  
p r o p o r t io n s  o f  2 c*c* o f  t h i s  o x a la te  s o l u t io n  to  8 c#c* o f  
blood* T h e /
82*
The o r i g i n a t o r s  o f  t h i s  m ethod acknow ledged  and  c o n firm e d  
t h i s  in p ro v em en t i n  t h e i r  te c h n iq u e  and  th e y  a d o p te d  i t  i n  
a l l  s u b s e q u e n t e s t im a t io n s  (Brown & R ow ntree, 1929)* C u r io u s ly  
enough , i t  was lo n g  o v e rlo o k e d , and  i s  s t i l l  o v e rlo o k e d  by 
some w o rk e rs ,  t h a t  H ooper*s e x p e rim e n ts  w ere co n d u c ted  on 
dogs b lo o d  and  G ra f f  & C la rk  (1931) r e p e a te d  th e  a n t i -  j
c o a g u la n t  t e s t s  on human blood* They fo u n d  t h a t  0*9$ n e u t r a l  I
p o ta s s iu m  o x a la te  r e s u l t e d  i n  th e  s m a l le s t  d eg ree  o f  h aem o ly s is  :
!
and  1*1$ o x a la te  i n  th e  s m a l le s t  d e g re e  o f  c re n a tio n *  I n  a 
few  c a s e s ,  how ever, 1*0$ o x a la te  a ls o  cause  s l i g h t  h a em o ly s is  !
and  so  th e y  a d o p te d  2 c*c* o f 1*1# n e u t r a l  p o ta s s iu m  o x a la te  j
i
to  8 -  10 c*c* o f  b lo o d  as  th e  i d e a l  m ethod o f  p r e v e n t in g  
c o a g u la tio n *  !
In  c a l c u l a t i n g  th e  p r o p o r t io n  o f  p lasm a i n  th e  j
h a e m a to c r i t  tu b e ,  and  th e  d i l u t i o n  o f  th e  dye i n  th e  p la sm a , 
a llo w a n c e  m ust n a t u r a l l y  be made f o r  th e  d i l u t i o n  o f  th e  
p lasm a  by th e  o x a la te  s o l u t i o n .  Im m ed ia te ly  a f t e r  w ith ­
d raw a l th e  b lo o d  i s  t r a n s f e r r e d  to  a 15 c .c *  h a e m a to c r i t  tu b e  
c o n ta in in g  th e  p re p a re d  o x a la te  s o l u t i o n ,  co v ered  w ith  a t h i n  
l a y e r  o f  l i q u i d  p a r a f f i n  to  p re v e n t  e v a p o ra t io n  and  th e  r e d  c e l l s  
a r e  m ax im ally  p ack ed  by c e n t r i f u g a l i s i n g  a t  2,500 rev s/m in *  
f o r  t h i r t y  m in u te s  (H ooper e t  a l* , 1920)*
The dye c a n  be i n j e c t e d  r a p id ly  and  th e  amount 
i n j e c t e d  h as  no e f f e c t  on th e  r e s u l t*  (K e ith , R ow ntree 
& G eragh ty , 1915; Dawson e t  a 1.,1920) 1 c .c *  o f  1*0^ congo !
r e d /
r e d  p e r  5 K ilog ram s o f  body w e ig h t g iv e s  a s u i t a b l e  
c o n c e n t r a t io n .  A s u i t a b l e  s ta n d a r d  s o l u t io n  o f  congo r e d  
m ust be made up w i th  d i s t i l l e d  w a te r  so t h a t  a r e a d in g  n e a r  
th e  m id d le  o f  th e  c o lo r im e te r  s c a le  i s  o b ta in e d ,  a s  c e r t a i n  
i n a c c u r a c ie s  a r i s e  i f  th e  s ta n d a rd  and  th e  unknown a re  n o t  
r e a s o n a b ly  n e a r  th e  same c o lo u r .  In  th e  p r e s e n t  s tu d y  o f  
c h i ld r e n  k  c . c .  o f  1 .0 $  congo re d  has been  i n j e c t e d  i n  e v e ry  
c a se  and  a 1 /400  s o l u t io n  o f  congo r e d  has p ro v ed  a s u i t a b l e  
s ta n d a r d  s o l u t io n  i n  a lm o s t e v e ry  c a se  a lth o u g h  o c c a s io n a l ly  
a more d i l u t e  s o l u t io n  i s  r e q u i r e d  where th e re  i s  a h ig h  
p lasm a volum e i n  an o ld e r  c h i ld .  The s ta n d a rd  sh o u ld  be 
made up a f r e s h  on e a c h  o c c a s io n  a s  th e  c o lo u r  soon  f a d e s .
By d o in g  e x p e rim e n ts  in  v i t r o  w ith  human b lo o d , and  
u s in g  a B u rk e r c o u p e n sa tin g  c o lo r im e te r ,  L in d h a rd  (1926-76)
fo u n d  t h a t  th e  e x p e r im e n ta l  e r r o r  sh o u ld  n o t ex ceed  + 5*0%
and  i n  e x p e r ie n c e d  hands sh o u ld  n o t be more th an  h a l f  a s  g r e a t .
Not more th a n  sev en  b lo o d  volume e s t im a t io n s  can be
made on one s u b je c t  w ith  a c c u ra c y  a s  th e  dye i s  to o  r a p id ly
rem oved fro m  th e  c i r c u l a t i o n  t h e r e a f t e r  (L in d h a rd ,1 926-77)*
I n  a n  a t te m p t to  slow  down th e  r a t e  o f  e x c r e t io n  o f  
th e  d y e , e f f o r t s  have been  made to  b lo c k  th e  r e t i c u l o ­
e n d o th e l i a l  sy s te m  by p re v io u s  i n j e c t i o n s  o f  th e  same dye o r  
o f  in d ia n  in k ,  b u t  w ith o u t su c c e s s  (Sm ith , 1930* Reeve &
A m in , 1 9 46 ).
R e c e n t l y , /
R e c e n tly ,  a m ethod has been  d e v e lo p e d  i n  w h ich  th e  
dye , ( T .1824) i s  e x t r a c t e d  from  th e  serum  b e fo re  b e in g  
q u a n t i t a t i v e l y  e s t im a te d  (c ro o k e  & M o rr is , 1942) b u t  th e  
r e s u l t s  o b ta in e d  a re  no more a c c u ra te  th a n  th e  o ld e r  m ethods 
and  th e  l a b o r io u s  te c h n iq u e  has th e r e f o r e  no a d v a n ta g e  
(R eeve & A rm in,1946)*
From th e  dye m ethod an  e s t im a te  i s  made o f  th e  p lasm a 
volum e, w h ile  th e  h a e m a to c r i t  r e a d in g  g iv e s  th e  r a t i o  o f  re d  
c e l l s  to  p lasm a and  from  th e s e  d a ta  th e  t o t a l  b lo o d  volume 
may be c a l c u l a t e d .  On th e  r e l i a b i l i t y  o f  th e s e  two 
e s t im a t io n s  depends th e  a c c u ra c y  o f  t h i s  m ethod o f  d e te rm in in g  
th e  b lo o d  vo lum e. As re g a rd s  th e  h a e m a to c r i t  r e a d in g s ,
S m ith , A rn o ld  & W hipple (1921) s u g g e s te d  t h a t  th e  r e d  c e l l  -  
p lasm a  r a t i o  i n  th e  v e in s  was n o t a t r u e  in d e x  o f  th e  s t a t e  
o f  a f f a i r s  i n  th e  g e n e r a l  c i r c u l a t i o n  and  th ey  c la im e d  t h a t  
i n  th e  c a p i l l a r i e s ,  th e r e  i s  a c e n t r a l  s tre a m  o f  f a s t  m oving 
r e d  c e l l s  su rro u n d e d  by a much l a r g e r  c o l l a r  o f  r e l a t i v e l y  
s lo w ly  m oving p la sm a . They e s t im a te d  th a t  ab o u t a t h i r d  o f 
th e  c o n te n ts  o f  th e  sm a ll  v e s s e l s  i s  c o m p a ra tiv e ly  s ta g n a n t  
and  t h a t  ab o u t a t h i r d  o f  th e  t o t a l  b lo o d  volume i s  i n  th e s e  
v e s s e l s .  The s m a ll  v e s s e l s  w ould  th e r e f o r e  c o n ta in  a 
g r e a t e r  p r o p o r t io n  o f  p lasm a th a n  th e  l a r g e r  v e in s .  They 
b e l ie v e d  t h a t  i t  was on a c c o u n t o f  th e s e  c o n d it io n s  t h a t  th e r e  
i s  so  l a r g e  a d is c re p a n c y  betw een  th e  b lo o d  volume c a l c u l a t e d  
by th e  c a rb o n  m onoxide m ethod and by th e  dye m ethod and  th e y  
s u g g e s te d /
s u g g e s te d  t h a t  th e  fo rm e r m ethod g iv e s  low r e s u l t s  and  th e  
l a t t e r  to o  h ig h  r e s u l t s .  These w o rk e rs  fo u n d  t h a t  h a e m a to c r i t  
d e te r m in a t io n s  on v a r io u s  a r t e r i e s  and  v e in s  gave th e  same 
v a lu e s ,  b u t  b ecau se  o f  th e  d i s p r o p o r t io n  i n  th e  c a p i l l a r i e s  
th e y  c o n c lu d e d  t h a t  th e  t r u e  b lo o d  volume c o u ld  be o b ta in e d  
o n ly  by e s t im a t in g  th e  r e d  c e l l  volume by th e  ca rb o n  m onoxide 
m ethod  and  th e  p lasm a volume by th e  dye m ethod and  a d d in g  
to g e th e r  th e  two volum es so  o b ta in e d .
R ow ntree & Brown (1929) d id  n o t c o n s id e r  t h a t  t h i s  was 
a t  a l l  n e c e s s a ry  and  a s s e r t e d  t h a t  th e r e  was no c o n c lu s iv e  
e v id e n c e  o f  d i f f e r e n t  c o n c e n tr a t io n  o f  r e d  c e l l s  i n  d i f f e r e n t  
p a r t s  o f  th e  c i r c u l a t i n g  b lo o d . They to o k  sy n ch ronous sam p les 
o f  b lo o d  from  s i m i l a r  v e in s  i n  e ach  arm  and  g o t a lm o s t 
i d e n t i c a l  v a lu e s .  T ak ing  sam ples from  v e in s  i n  an  arm  and 
a l e g  gave s l i g h t l y  d i f f e r e n t  r e s u l t s  b ecau se  th e  le g  v e in s  
w ere s m a l le r  and  i t  to o k  much lo n g e r  to  s e c u re  th e  sam ple o f  
b lo o d . They w ere co n v in ced  t h a t  th e  h a e m a to c r i t  a f f o r d e d  an 
a c c u r a te  i n d i c a t i o n  o f  th e  r e d  c e l l  -  p lasm a r a t i o  i n  th e  
g e n e r a l  c i r c u l a t i o n .
W a lte rs  (1934) was u n a b le  to  d e m o n s tra te  any  d i f f e r e n c e  
i n  h a e m a to c r i t  e s t im a t io n s  done by ta k in g  te n  c o n s e c u tiv e  j
sam p les o f  b lo o d  from  one v e in  w ith  th e  p o in t  o f  th e  n e e d le  
moved to  d i f f e r e n t  p o s i t io n s  i n  i t .  He co n c lu d ed  t h a t  th e  
c e l l s  w ere e v e n ly  d i s t r i b u t e d  i n  th e  v e in s .
R ah raeu s (1929) was th e  f i r s t  to  d e m o n s tra te  th e  t r u t h  
o f  th e  h y p o th e s is  o f  S m ith , A rn o ld  and W hipple and  he showed 
t h a t /
8 6 .
t h a t  th e  b lo o d  in  th e  s m a l le r  v e s s e l s  and  c a p i l l a r i e s  
c o n ta in s  few er c e l l s  p e r  u n i t  volume th a n  t h a t  i n  th e  l a r g e r  
v e s s e l s .  By a p p ly in g  th e  fu n d a m e n ta l p r i n c i p l e s  o f  
e n g in e e r in g  dynam ics to  th e  c i r c u l a t i o n  th ro u g h  th e  b lo o d  
v e s s e l s  i t  h as been  shown (Hahn e t  a l .  1942) t h a t ,  on 
t h e o r e t i c a l  a s  w e l l  a s  p r a c t i c a l  g ro u n d s , th e r e  m ust be a 
l a y e r  o f  r e l a t i v e l y  s ta g n a n t  p lasm a a lo n g  th e  w a l ls  o f  th e  
b lo o d  v e s s e l s  and  an  a x i a l  s t r e a m  o f  c e l l s  and  p lasm a and 
t h a t  th e  p r o p o r t io n  o f  t h i s  l a y e r  o f  slow  m oving p lasm a to  
th e  d ia m e te r  o f  th e  v e s s e l  m ust be g r e a t e r  i n  sm a ll  v e s s e l s  
th a n  i n  l a r g e  o n e s .
The work o f  L an d ia  (1937) on th e  c a p i l l a r i e s  has 
a l s o  shown t h a t  th e r e  i s  an  a x i a l  s tre a m  o f  r e d  c e l l s  
su rro u n d e d  by r e l a t i v e l y  s ta g n a n t  p lasm a and he o b se rv e d  t h a t  
when th e  flo w  o f  b lo o d  th ro u g h  a c a p i l l a r y  i s  s to p p e d  by 
g e n t l e  co m p re ss io n , th e  c o rp u s c le s  a r e  a t  f i r s t  d i s t r i b u t e d  
u n ifo rm ly  th ro u g h o u t th e  c a p i l l a r y  and  i f  th e  f i l t r a t i o n  and  
a b s o r p t io n  p r e s s u r e s  a re  b a la n c e d , th e  c o rp u s c le s  r e t a i n  t h i s  
d i s t r i b u t i o n  i n d e f i n i t e l y .  I f  th e  c a p i l l a r y  p r e s s u r e  i s  
h ig h , th e  r e d  c e l l s  become c o n c e n tr a te d ,  and  i f  low , th e y  
become d i l u t e d  by t i s s u e  f l u i d .
I n  th e  i n v e s t i g a t i o n s  d e s c r ib e d  i n  P a r t  1 o f  t h i s  
t h e s i s  i t  was fo u n d  t h a t  re d  c e l l  c o u n ts  on c a p i l l a r y  b lo o d  
o b ta in e d  by p u n c tu r in g  th e  lo b e  o f  th e  e a r  gave a c o n s id e ra b ly  
h ig h e r  f i g u r e  th a n  c o u n ts  done s im u lta n e o u s ly  on venous b lo o d  
a n d /
and  on f i r s t  th o u g h ts  t h i s  m ig h t a p p e a r  to  be in c o m p a tib le  
w i th  th e  o b s e r v a t io n s  d e s c r ib e d  above* The e x p la n a t io n  i s  
a s  fo llo w s*  When a c a p i l l a r y  i s  c u t  a c r o s s ,  th e  b lo o d  t h a t  
f lo w s  fro m  th e  c u t  end  c o n ta in s  a much h ig h e r  c o n c e n tr a t io n  
o f  c e l l s  th a n  th e  b lo o d  in  th e  i n t a c t  c a p i l l a r y  b ecau se  th e  
r e l a t i v e l y  s ta g n a n t  c u f f  o f  p lasm a i n  th e  v e s s e l ,  h av in g  l i t t l e  
o r  no m o tio n , does n o t flow  from  th e  c u t  en d , and  so  o n ly  th e  
c o n c e n tr a te d  a x i a l  s tre a m  o f  b lo o d  e sc a p e s  (P a h rae u s  and 
L i n d q u i s t , 1931)• When b lo o d  i s  a s p i r a t e d  from  a l a r g e  v e in ,  
th e  a s p i r a t i n g  f o r c e  w ithd raw s n o t o n ly  th e  a x i a l  s t re a m  b u t 
a l s o  th e  c u f f  o f  s lo w ly  m oving p lasm a and th e r e f o r e  b lo o d  
o b ta in e d  by a s p i r a t i o n  o f  a v e in  s h o u ld  alw ays be l e s s  
c o n c e n tr a te d  th a n  b lo o d  f lo w in g  fro m  a s e v e re d  c a p i l l a r y *
In  a d u l t s ,  m o d era te  o c c lu s io n  o f th e  arm  v e in s  has 
been  fo u n d  to  make no d i f f e r e n c e  to  th e  p la s m a -c o rp u s c u la r  
r a t i o  (B ennet e t  a l.,1 9 38 )•
R ecen t work on th e  d i s t r i b u t i o n  o f  r e d  c e l l s  th ro u g h ­
o u t th e  v a s c u la r  sy s tem  a p p e a rs  to  i n d ic a t e  t h a t  th e  
h a e m a to c r i t  v a lu e  f o r  venous b lo o d  may be a b o u t 20$ h ig h e r  
th a n  t h a t  o f  th e  c i r c u l a t i o n  a s  a w hole owing to  th e  lo w er 
r e d  c e l l  c o n c e n tr a t io n  in  th e  m in u te  v e s s e l s  (W r ig h t ,1945;
Hahn e t  a l.,1 9 4 2 ; Hevesy e t  a l . , 1 9 ^ ) ,  and  th e r e f o r e  i t  i s  
p ro b a b le  t h a t  th e  r e d  c e l l  volume when c a l c u l a t e d  from  th e  
h a e m a to c r i t  and  th e  dye p lasm a volume i s  a b o u t 20$ to o  h ig h  
(D a v is , 1942) and  th e  t o t a l  b lo o d  volume i s  ab o u t 9$ to o  h ig h  
(H ev esy /
(H evesy e t  a l.,1 9 4 4 )*  T h is  so u rc e  o f  e r r o r  i n  th e  a b s o lu te  
v a lu e s  i s  p ro b a b ly  i n v a r i a b l e  i n  a l l  p a t i e n t s  and  so  does 
n o t  v i t i a t e  co m p ariso n s betw een th e  b lo o d  volume o f  d i f f e r e n t  
p a t i e n t s  o r  o f  th e  sam e p a t i e n t  a t  d i f f e r e n t  tim es*  I n  
o th e r  w o rd s , th e  dye m ethod rem ains an  a c c u ra te  means o f  
m ea su rin g  changes i n  b lo o d  and  p lasm a volum es (H opper e t  a l . ,  
1944)#
The h a e m a to c r i t ,  when u sed  w ith  a l l  th e  a p p ro p r ia te  
p r e c a u t io n s ,  h as  p ro b a b ly  an  e x p e r im e n ta l  e r r o r  o f  l e s s  th a n  
0*5 p e r  c e n t  and  i s  th e r e f o r e  more a c c u ra te  th a n  r e d  c e l l  
c o u n ts  o r  haem oglob in  e s t im a t io n s  (W in trobe, 1933) and- 
W in trobe  c o n s id e r s  t h a t  i t  c o n s t i t u t e s  th e  m ost u s e f u l  s i n g l e  
c r i t e r i o n  o f  th e  d e g re e  o f anaem ia a t  p r e s e n t  a v a i la b le *
The Norm al B lood  Volume and Some F a c to r s  I n f lu e n c in g  I t*
I t  i s  r e a d i ly  r e c o g n is e d  t h a t  th e  b lo o d  has no f i x e d  
volum e, f o r  f l u i d  i s  c o n s ta n t ly  p a s s in g  betw een  th e  v e s s e l s  and 
th e  t i s s u e  sp a c e s  a s  th e  needs o f  th e  o rgan ism  r e q u i r e  and a t  
th e  same tim e  new re d  and w h ite  c e l l s  a re  b e in g  form ed and  o ld  
ones d e s tro y e d *  D uring  h e a l th ,  th e s e  p ro c e s s e s  a re  more o r  
l e s s  b a la n c e d  b u t many d i f f e r e n t  c irc u m s ta n c e s  may le a d  to  one 
o f  them  becom ing te m p o ra r i ly  e x ag g e ra ted *  T here i s  p ro b a b ly  a  
l a r g e  r e s e r v o i r  o f  b lo o d  in  th e  l i v e r ,  s p le e n ,  i n t e s t i n e s ,  an d  
s u b p a p i l l a r y  p le x u s  o f  th e  s k in  ( S e c k e l ,1936) w hich may in c r e a s e  
g r e a t l y  th e  c i r c u l a t i n g  b lo o d  volume a t  tim es*  B a r c r o f t  
( 1 9 2 5 ,/
8 9 .
(1925* 1927) has shown th e  g r e a t  im p o rtan c e  o f  th e  s p le e n  a s  
a b lo o d  s t o r i n g  o rg a n  i n  r a b b i t s ,  c a t s  and  d o g s , b u t  i n  man, 
th e  s p le e n  c o n ta in s  much l e s s  m u sc u la r  t i s s u e  and  i s  p ro b a b ly  
o f  s m a ll  im p o rtan c e  i n  th e  r e g u la t i o n  o f  th e  b lo o d  volum e 
(W rig h t, 1945; E b e r t  & S te a d ,1 9 41 ).
The norm al b lo o d  volume has b een  a s c e r t a i n e d  f o r  a l l  
a n im a ls  commonly u sed  f o r  e x p e r im e n ta l  p u rp o se s  and  hum an 
b e in g s .  O nly r a b b i t s  and  guman b e in g s  have been  u sed  i n  th e  
e x p e r im e n ts  to  be d e s c r ib e d  and th e  l a t t e r  have b een  sub ­
d iv id e d  i n to  a d u l t s  and c h i ld r e n
1 . The B lood  Volume i n  R a b b its .
I t  can  be se en  from  T able  1 t h a t  th e r e  a re  wide 
v a r i a t i o n s  in  th e  r e s u l t s  o b ta in e d  by w o rk e rs  u s in g  d i f f e r e n t  
m ethods and th e  d is c re p a n c y  betw een th e  dye and ca rb o n  
m onoxide m ethods i s  v e ry  p l a i n .  The gum a c a c ia  m ethod o f  
Meek & G a sse r  (1918) i s  c o n s id e re d  u n s a t i s f a c to r y  b ecau se  i t  
in v o lv e s  b u lk y  i n j e c t i o n s  w hich m ust th em se lv e s  a f f e c t  th e  
b lo o d  volume and th e  a c c u ra c y  o f  th e  m ethod o f  a s s a y in g  th e  
a c a c ia  i n  th e  b lo o d  has n o t had  s u f f i c i e n t  c o n f i rm a t io n .
The m icro -m ethod  o f  Went & D rin k e r  (1929) was s p e c i a l l y  
d e s ig n e d  f o r  u se  i n  sm a ll  a n im a ls  and r e q u i r e s  o n ly  0 .01  c . c .  
o f  b lo o d  w hich  i s  drawn i n to  a c a p i l l a r y  g la s s  tu b e  and  
m atched  a g a in s t  a s e r i e s  o f  known d i lu t i o n s  o f  th e  dye i n  th e  
same way a s  pH i s  e s t im a te d  by th e  c a p i l l a t o r  te c h n iq u e .
2. /
TABLE 1 .
THE BLOOD VOLUME OP HEALTHY MALE RABBITS.
R e fe re n c e .
Number
o f
E x p eri­









m l/K g. M ethod.
Meek & G a s s e r ( l9 l8 ) 7 - 54 Gum a c a c ia
S a lv e s e n  (1919) 11 2. 235 - 50 Carbon Monoxide
M cQ uarrie & D av is 
(1920) 4 3*119 - 74 Dye
Went & D r in k e r  (1929) - - - 87 m ic ro -d y e .
R ice  & K atz  (1934) | 16 2 .228 58 90 Dye
2# The B lo o d  Volume i n  Man.
T a b le  2 sum m arise  t h e  r e s u l t s  o b t a i n e d  by a number o f  
w o r k e r s  u s i n g  d i f f e r e n t  m ethods  an d  s t u d y i n g  n o rm a l h e a l t h y  
a d u l t s .  G e n e r a l l y  s p e a k in g  t h e  c a r b o n  m onoxide m ethod  g i v e s  
v e r y  low r e s u l t s  a n d  th e  r e d  d y e s  g iv e  r e s u l t s  t h a t  a r e  
a c c u r a t e  a t  l e a s t  f o r  t h e  p la sm a  vo lum e. B lu e  d y e s  n e a r l y  
a lw a y s  i n d i c a t e  a v a lu e  somewhat lo w e r  t h a n  r e d  d y e s .  I t  i s  
c l e a r  t h a t  t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  b lo o d  
volum e o f  n o rm a l s u b j e c t s  an d  i t  i s  i m p o r t a n t  t o  d e t e r m in e  
t h e  l i m i t s  o f  n o r m a l i t y .  Bock (1 9 2 1 )  b e l i e v e d  t h a t  th e  
p la sm a  volum e was v e r y  c o n s t a n t l y  a b o u t  31 m l.  p e r  Kg. o f  
body w e i g h t .  K e i t h ,  R ow ntree  & G e ra g h ty  (1 9 1 5 )  i n  t h e i r  
o r i g i n a l  co m m u n ica t io n  gave  th e  l i m i t s  o f  p la sm a  volum e i n  
t h e  n o rm a l man a s  42 to  56 m l.  p e r  Kg. ( i / 2 3 r d  t o  1 / 1 7 t h )  
o f  body w e ig h t  a n d  th e  b lo o d  volume a s  78 to  97 m l.  p e r  Kg.
( 1 / 1 3 t h  t o  1 / 1 0 . 5 t h )  o f  body w e ig h t .  R ow ntree  & Brown (1 9 2 9 )  
a l t e r e d  t h i s  somewhat an d  p r o v id e d  th e  s t a n d a r d  commonly 
a c c e p t e d  a t  p r e s e n t .
B lo o d  Volume 70 -  100 m l. p e r  Kg. body w e i g h t .  A v erag e
88 m l/K g.
2550 -4 0 1 0  m l.  p e r  Sq . M. o f  s u r f a c e  a r e a .  |
i
P lasm a  Volume 4 0 -  80 m l.  p e r  Kg. body w e i g h t .  A v e ra g e  I
53 ml/Kg* I
1425 -2 2 5 0  m l.  p e r  Sq. M. o f  s u r f a c e  a r e a .
G ib so n  & Evans (1937) c o n s id e r e d  t h a t  t h e  r e l a t i o n s h i p  j j
;i
o f  b l o o d  volume t o  s u r f a c e  a r e a  was n o t  more c o n s t a n t  th a n  to  
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Brown & R o w n tre e  (1 9 2 9 )  w ere  a b l e  t o  c o n f i r m  t h e  o b s e r v a t i o n  
o f  D r e y e r  a n d  Ray (1 9 1 0 )  t h a t  v a r i a t i o n s  i n  t h e  b l o o d  a n d  
p la s m a  vo lum es  a r e  l e s s  m arked  when e x p r e s s e d  i n  te rm s  o f  
s u r f a c e  a r e a  t h a n  o f  body w e i g h t ,  and  th e y  c o n c lu d e d  t h a t  
f,i t  w o u ld  seem  t h a t  t h e  b lo o d  volum e i n  r e l a t i o n  t o  body 
s u r f a c e  m u s t  be  one  o f  th e  m o st c o n s t a n t  f e a t u r e s  o f  t h e  
human b o d y . 11
T h e re  a r e  n o t  s u f f i c i e n t  d a t a  a v a i l a b l e  t o  p r e s c r i b e  
t h e  l i m i t s  o f  day t o  day  v a r i a t i o n s  i n  t h e  b lo o d  volum e o f  a n  
i n d i v i d u a l  p e r s o n ,  b u t  t h e  g e n e r a l  e f f e c t  o f  c e r t a i n  f a c t o r s  
h a s  b e e n  d e s c r ib e d *
Age* ( T a b le  3)«
T h ere  i s  much l e s s  a g re e m e n t  a b o u t  th e  n o rm a l 
s t a n d a r d s  o f  b lo o d  volume i n  c h i l d r e n  an d  no r e a l l y  
c o m p re h e n s iv e  i n v e s t i g a t i o n  h a s  y e t  b e e n  p u b l i s h e d *  D r e y e r  
a n d  Ray (1 9 1 0 )  h av e  shown by e x s a n g u i n a t i o n  e x p e r im e n t s  t h a t  
i n  mammals, s m a l l  young  a n im a ls  h a v e  a r e l a t i v e l y  g r e a t e r  
b l o o d  volum e t h a n  l a r g e r  a n d  o l d e r  a n im a ls  o f  t h e  same s p e c i e s  
By a n a lo g y  i t  may be  assum ed t h a t  t h e  b lo o d  volum e o f  c h i l d r e n  
i n  r e l a t i o n  t o  t h e i r  w e i g h t ,  i s  g r e a t e r  th a n  t h a t  o f  a d u l t s *
Robinow & H a m il to n  (1 9 4 0 )  o b s e r v e d  t h a t  t h e  m ix in g  
o f  t h e  dye  i n  t h e  c i r c u l a t i o n  o f  i n f a n t s  was c o m p le te  i n  90 
s e c o n d s*  T h is  i s  t o  b e  e x p e c t e d  b e c a u s e  th e  c i r c u l a t i o n  t im e  
i n  i n f a n t s  i s  14  -  15 s e c o n d s  (by t h e  h i s t a m i n e  r a s h  m eth o d )  
w h e re a s  i n  a d u l t s  i t  i s  23 -  30 se c o n d s  ( s e c k e l ,  1936)*
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C o n s i d e r a b le  c h a n g e s  m ust t a k e  p l a c e  i n  t h e  b lo o d  
volume d u r i n g  t h e  n e o - n a t a l  p e r i o d  w i t h  t h e  r a p i d  f a l l  i n  
h a e m o g lo b in  and  i n  Lucas and  D e a r l i n g s  (1921) s e r i e s  o f  50 
I n f a n t s  u n d e r  2 w eeks o l d ,  t h e  b lo o d  volum e v a r i e d  b e tw e e n  
107 c . c .  p e r  k g .  and  195 c . c .  p e r  k g .  w h i l e  t h e  h a e m o g lo b in  
w as f ro m  75$  t o  1 3 5 $ .  I t  i s  d o u b t f u l  w h e th e r  mean f i g u r e s  
o b t a i n e d  b y  i n c l u d i n g  a l l  t h e s e  i n f a n t s  i n  one g ro u p  s e r v e s  
a n y  u s e f u l  p u r p o s e .
D arrow  e t  a l .  (1928) o b s e rv e d  t h a t  th e  p la sm a  
volum e i s  low a t  b i r t h ,  r i s e s  r a p i d l y  d u r i n g  t h e  f i r s t  6 
w eeks  a n d  t h e r e a f t e r  f a l l s  u n t i l  i t  r e a c h e s  t h e  n o rm a l  a d u l t  
l e v e l  a t  4 y e a r s .  The s tu d y  b y  S c h u l t z  e t  a l .  (19 4 0 )  
i n c l u d e d  i n  T a b le  3* was mad© on n e g r o  b o y s .
P r e s e n t  know ledge s u g g e s t s  t h a t  th e  b lo o d  volum e i n  
r e l a t i o n  t o  w e ig h t  i s  a b o u t  100 m l.  p e r  Kg. d u r i n g  m ost o f  
i n f a n c y  and  t h e r e a f t e r  g r a d u a l  d e c r e a s e s  t o  r e a c h  t h e  a d u l t  
l e v e l  o f  88  m l .  p e r  Kg. a t  a b o u t  4 y e a r s  o f  a g e .  The b lo o d  
vo lum e d e c r e a s e s  a f t e r  m id d le  age (G ib so n  & E vans, 1 9 3 7 ) .
S e x .  (K ow ntree  & Brown. 1929; G ib so n  & E v a n s .1 9 3 7 )
P la sm a  volum e i n  te rm s  o f  w e ig h t  o r  s u r f a c e  a r e a  i s  
t h e  same i n  men and  women b u t  b lo o d  volume i s  7 t o  14$ 
g r e a t e r  i n  m en. The d i f f e r e n c e  b e tw e e n  t h e  s e x e s  i s  fo u n d  
a lm o s t  e n t i r e l y  i n  t h e  r e d  c e l l  co m p o n en t.  The s e x  d i f f e r e n c e  
b e g i n s  t o  a p p e a r  a t  p u b e r t y  ( B r in e s  e t  a l . ,  1 9 4 1 ) .  P re g n a n c y  
i s  a lw a y s  a s s o c i a t e d  w i t h  an  i n c r e a s e d  p lsm a  vo lum e.
N u t r i t i o n . /
N u t r i t i o n .  ( K e i t h ,  R ow ntree  & G e r a g h ty ,  1 9 1 5 ) .
O b e s i t y  r e s u l t s  i n  a r e l a t i v e l y  low b lo o d  volum e a s  
much o f  t h e  body  w e ig h t  i s  due  to  c o m p a r a t i v e l y  a v a s c u l a r  
a d i p o s e  t i s s u e .  F o r  th e  c o n t r a r y  r e a s o n ,  e m a c i a t i o n  i s  
a s s o c i a t e d  w i t h  a r e l a t i v e l y  h ig h  b lo o d  vo lum e. M arasm ic 
i n f a n t s  h a v e  b e e n  f o u n d  to  have s l i g h t l y  i n c r e a s e d  p la sm a  
a n d  b l o o d  v o lu m es  i n  r e l a t i o n  t o  t h e i r  w e ig h t  (Bakwin e t  a l . ,  
192^)*  a l t h o u g h  i f  th e y  a r e  d e h y d r a t e d ,  t h e  p la sm a  volum e i s  
u s u a l l y  r e d u c e d  (M c In to sh  e t  a 1 .,1930).
T h e se  c h a r a c t e r i s t i c s  a r e  r e l a t e d  t o  m u s c u la r  
d e v e lo p m e n t  a n d  body  fo rm  a n d  t h e r e f o r e  a t h l e t i c  women have  
b l o o d  vo lum es s i m i l a r  t o  norm al men a n d  s e d e n t a r y  men have  
b l o o d  vo lum es  s i m i l a r  to  no rm al women (G ib so n  & E v a n s , 1937)*
E m o t io n .  (N ic e  & K a t z ,  1934; F reem an . 1 9 3 3 )*
N ic e  & K a tz  f o u n d  t h a t  d u r in g  e x c i t e m e n t  th e  b lo o d  
volum e o f  r a b b i t s  re m a in e d  a b o u t  c o n s t a n t  th o u g h  t h e r e  was a 
w i t h d r a w a l  o f  p la sm a  f ro m  a c t i v e  c i r c u l a t i o n  w i t h  c o m p e n s a t in g  
i n c r e a s e d  vo lum e o f  r e d  c e l l s .  F reem an (1 9 3 3 )  a l s o  fo u n d  t h i s  
b u t  he c o n s i d e r e d  t h a t  i f  t h e  s y m p a th e t i c  s t i m u l a t i o n  was 
c o n t i n u e d  f o r  some t im e  t h e  r e d  c e l l s  a l s o  became r e d u c e d  so  
t h a t  u l t i m a t e l y  t h e r e  was a d im in i s h e d  b lo o d  vo lum e.
E x e r c i s e ,  H e a t .  F e e d in g .
S e c k e l  (1 9 3 6 )  c o n s id e r e d  t h a t  movement, f e e d i n g  a n d  
h e a t  i n c r e a s e  t h e  b l o o d  volume a n d  he assum ed t h a t  t h i s  
o c c u r r e d /
o c c u r r e d  b y  e n jp ty in g  o f  t h e  b lo o d  s t o r e s  i n t o  a c t i v e  
c i r c u l a t i o n #  He e s t i m a t e d  t h e s e  s t o r e s  a t  3 0  o r  4 0  ml* p e r  
Kg# i n  c h i l d r e n  o r  a b o u t  1 / 3 r d  o f  t h e  n o rm a l r e s t i n g  b lo o d  
volume#
On t h e  o t h e r  h and  R ow ntree  & Brown (1 9 2 9 )  c la im e d  
t h a t  t h e  b l o o d  volum e was somewhat d im in i s h e d  by h e a t#
I n  t h e  c o u r s e  o f  t h e i r  c e l e b r a t e d  e x p e d i t i o n  t o  t h e  
P e r u v i a n  A n d e s ,  B a n c r o f t  a n d  h i s  c o l l e a g u e s  (1 9 2 3 )  n o t e d  t h a t  
a s u s t a i n e d  warm a tm o s p h e re ,  e i t h e r  i n  t h e  t r o p i c s  o r  i n  a  
h o t  c h a m b e r ,  p ro d u c e d  a g r a d u a l  r i s e  i n  th e  b lo o d  volume 
a m o u n t in g ,  i n  a d u l t s ,  t o  a b o u t  one l i t r e #  They w ere  
u n c e r t a i n  r e g a r d i n g  t h e  e f f e c t  o f  a l t i t u d e  b e c a u s e  t h e  
t e m p e r a t u r e  c h a n g e s  w ere  so  g r e a t#  B a z e t t  (1 9 3 8 )  c o n f i r m e d  
B a r c r o f t * s  o b s e r v a t i o n  a n d  i n  an  e x p e r im e n t  i n  w h ic h  two men 
l i v e d  i n  a  room k e p t  a t  7i+#5°J5* t h e  b lo o d  volume was i n c r e a s e d  
6$  i n  one d a y ,  10$ a f t e r  two days  an d  25$ a f t e r  f i v e  d a y s .  He 
a l s o  f o u n d  t h a t  t h e  b lo o d  volume i n  midsummer i n  A m erica  was 
30  -  40$  h i g h e r  t h a n  i n  m id -w in te r#  H is  c o n c l u s io n s  w ere  
t h a t  m i l d  h e a t  r a i s e s  t h e  b lo o d  volum e w h e re a s  e x t r e m e  h e a t  
lo w e r s  t h e  b lo o d  volum e th ro u g h  s w e a t in g  a n d  o t h e r  means# 
K a l t r i e d e r  an d  M eneely (1 9 4 0 )  d e m o n s t r a t e d  t h a t  
e x e r c i s e  d e c r e a s e d  th e  p la sm a  a n d  b lo o d  volum es b u t  t h e  
e f f e c t  on  t h e  r e d  c e l l  volume was v a r i a b l e #
Thompson e t  al# (1928) have shown t h a t  th e  e r e c t  
p o s tu r e  g r e a t l y  p ro lo n g s  th e  tim e r e g u i r e d  f o r  th e  dyo to  
becom e/
become e v e n l y  d i s t r i b u t e d  th r o u g h o u t  t h e  c i r c u l a t i o n  a n d  th e y  
c l a i m e d  t h a t  s t a n d i n g  c a u s e d  a r e d u c t i o n  o f  11$  i n  t h e  p la sm a  
volum e a n d  t h a t  t h e  r e d u c t i o n  was m axim al i n  20 t o  30  m in u te s#  
E x e r c i s e  p r o d u c e d  t h e  same chan g e  b u t  more r a p i d l y #  The 
b l o o d  volum e i s  c l o s e l y  r e l a t e d  t o  t h e  B a s a l  M e ta b o l i c  R a te  
a n d  t h e r e f o r e  t o  t h e  oxygen r e q u i r e m e n t s  o f  t h e  o rgan ism #
B lo o d  P r e s s u r e #  ( K e i t h ,  R o w n tree  & G e ra g h ty ,  1 9 1 5 )#
No s t r i k i n g  c h a n g e s  w ere  fo u n d  i n  t h e  b lo o d  o r  p la sm a  
v o lu m es  a s s o c i a t e d  w i t h  f a i r l y  m arked  v a r i a t i o n s  i n  b lo o d  
p r e s s u r e #  C o l l a p s e ,  w h e th e r  t o x i c  o r  r e f l e x ,  r e s u l t s  i n  a  
low  b l o o d  a n d  p la sm a  volume ( S e c k e l , 1936)#
P o ly o y th a e m ia #  ( s e c k e l , 1 9 3 6 ;  Brown & R o w n t r e e ,1929)#
The b l o o d  volum e i s  in c r e a s e d *  S e c k e l  h a s  r e c o r d e d  
t h r e e  c a s e s  o f  c o n g e n i t a l  h e a r t  d i s e a s e  w i t h  h ig h  b lo o d  
volum es#
Anaemia# (Brown & R ow ntree. 1929) •
H ypochrom ic  anaem ia  r e s u l t s  i n  a  low b lo o d  vo lu m e , 
m a i n l y ,  b u t  n o t  s o l e l y ,  due t o  d e c r e a s e  i n  th e  c e l l u l a r  
e le m e n ts #
The B lo o d  Volume i n  N e p h r i t i s #
S tu d y  o f  t h e  l i t e r a t u r e  shows t h a t  d i f f e r e n t  w o rk e rs  
h a v e  o b t a i n e d  v e r y  i n c o n s i s t e n t  and  d i s c o r d a n t  r e s u l t s  i n  t h e  
e s t i m a t i o n  o f  t h e  b l o o d  a n d  p la sm a  volum es i n  n e p h r i t i s #
Brown & R o w n tre e  (1 9 2 8 )  s t u d i e d  tw e lv e  a d u l t  c a s e s  o f
a c u t e /
a c u t e  h a e m o r rh a g ic  n e p h r i t i s  d u r i n g  t h e  o ed em ato u s  p h a s e  a n d  
th e y  f o u n d  a n  a v e r a g e  b lo o d  volum e o f  75 m l.  p e r  Kg. o f  
c o r r e c t e d  w e i g h t ,  t h e  c o r r e c t e d  w e ig h t  b e i n g  t h e  n o rm a l  w e ig h t  
f o r  t h e  p a t i e n t f s  ag e  a n d  h e i g h t .  The r a n g e  o f  v a l u e s  was 
f ro m  59 t o  105 m l.  p e r  Kg. c o r r e c t e d  w e i g h t .  The p la sm a  
vo lum e a v e r a g e d  5 2 .5  m l.  a n d  r a n g e d  f ro m  38  t o  70  m l .  Kg. 
c o r r e c t e d  w e i g h t .  T h ese  w o rk e rs  a l s o  s t u d i e d  n in e  a d u l t s  
w i t h  n e p h r o t i c  n e p h r i t i s  d u r in g  an  o edem atous  p h a s e  a n d  f o u n d  
t h e  b l o o d  a n d  p la sm a  vo lum es c o n s i d e r a b l y  h i g h e r  t h a n  i n  t h e  
p a t i e n t s  w i t h  a c u t e  n e p h r i t i s .  The b lo o d  volum e a v e r a g e d  
96*4 m l.  p e r  Kg. c o r r e c t e d  w e ig h t  w i t h  a ra n g e  o f  84 t o  105  
m l .  p e r  K g . ,  w h i l e  t h e  p la sm a  volume a v e r a g e d  59*4 ml* Kg. 
c o r r e c t e d  w e ig h t  a n d  r a n g e d  f ro m  42  t o  79 m l.  p e r  Kg. Brown 
& R o w n tre e  su m m a r ise d  t h e i r  r e s u l t s  by s t a t i n g  t h a t  t h e y  fo u n d  
no e v i d e n c e  o f  a  h y d ra e m ic  p l e t h o r a  i n  g l o m e r u l o - n e p h r i t i s  
w i t h  oedema n o r  d i d  th e y  r e c o g n i s e  any  u n i fo r m  c h a n g e s  i n  t h e  
b l o o d  a n d  p la sm a  vo lum es d u r in g  d i u r e s i s .  I n  n e p h r o t i c  
n e p h r i t i s  t h e y  f o u n d  an  i n c r e a s e d  p la sm a  volum e u n a f f e c t e d  by 
oedema o r  d i u r e s i s .
Bock (1 9 2 1 )  e s t i m a t e d  t h e  b lo o d  and  p la sm a  vo lum es i n  
f o u r  p a t i e n t s  w i t h  c h r o n ic  n e p h r i t i s  a n d  i n  one o f  them  
e s t i m a t i o n s  w ere  made d u r in g  oedema an d  a f t e r  i t  h a d  p a s s e d  
o f f .  He c o n s i d e r e d  t h a t  t h e  p la sm a  volume c h a n g e s  l i t t l e ,  o r  
n o t  a t  a l l ,  i n  oedema, b u t  a p p e a r s  t o  d e d u c e  t h i s  f ro m  t h e  
f a c t  t h a t  i n  h i s  e x p e r i m e n t s ,  t h e  p la sm a  volum e r e t a i n e d  t h e  
s a m e /
same r e l a t i o n s h i p  to  w e ig h t d u r in g  and  a f t e r  oedema* He 
d id  n o t  make any a llo w a n ce  f o r  th e  u n n a tu r a l  in c r e a s e  i n  th e  
p a t i e n t 1s  w e ig h t due to  th e  oedema* w h ich  o f  co u rse*  o b sc u re s  
th e  r i s e  i n  th e  r e l a t i v e  p lasm a volume* I t  i s  n o t c l e a r  fro m  
w hat ty p e  o f  n e p h r i t i s  h is  p a t i e n t s  w ere s u f f e r in g *
The fo l lo w in g  f i g u r e s  a r e  c a l c u l a t e d  from  Bock*s d a ta  on 
one o f  h i s  p a t i e n t s *  a g i r l  aged  16 y e a rs*  an d  show t h a t  
c o n s id e r a b le  a l t e r a t i o n  in  th e  p lasm a volume d id  i n  f a c t  ta k e  
p la c e *  !
Date*
W t. i n  
Kg* Oedema <
P la s*  V ol. 
% o f  body 
wt*
T o ta l  
P lasm a 
V ol.m l*
" T o ta l  ~  





m ils*  p e r  
c*mm*
Jan* 9 5 4 . 5 +++ 4 .0 2200 2587 45 2 .0
Jan*2£j 46 ++ 4*1 1900 2317 61 2 .5
Feb* 3 41 0 4*1 1690 1965 61*5 2*4
H a r r i s  & G ibson  (1939) a ls o  fo u n d  th e  p lasm a volume 
in c r e a s e d  i n  n e p h ro t ic  n e p h r i t i s  and  c o n s id e re d  t h a t  th e r e  i s  
no c o n s i s t e n t  change i n  th e  p lasm a volume w ith  v a r i a t i o n s  i n  
oedema a lth o u g h  th e  r e s u l t s  w hich  th e y  p u b l is h e d  show i n  m ost 
o f  t h e i r  c a se s*  a m arked f a l l  o f p lasm a volume d u r in g  o l i g u r i a  
and  oedema and  a r i s e  i n  volume w ith  d i u r e s i s  and  a b se n c e  o f  
oedema* Many o f  t h e i r  p a t i e n t s  w ere anaem ic and  so  p resu m ab ly  
had  a  s u p e r—added  in f e c t io n *  and  i n  some p a t i e n t s *  th e  
s u c c e s s iv e  i n v e s t i g a t i o n s  w ere s e v e r a l  m onths a p a r t  and  a re  
t h e r e f o r e  n o t r e a d i ly  com parab le  w i th  one an o th e r*  These 
w o r k e r s /
w o r k e r s  c o n c lu d e d  t h a t  t h e  volum e o f  t h e  p la sm a  i s  u n r e l a t e d  
t o  t h e  s t a g e  o r  t h e  ty p e  o f  n e p h r i t i s  a n d  i s  d e p e n d e n t  o n ly  
on t h e  i n t e r - r e l a t i o n s h i p  o f  se rum  album in*  n o n - p r o t e i n  
n i t r o g e n  a n d  d e g r e e  o f  a n a e m ia .
L i n d e r  ©t a l . , ( 1 9 2 4 )  i n v e s t i g a t e d  th e  p la sm a  volum e 
i n  f o u r  p a t i e n t s  w i t h  n e p h r o t i c  n e p h r i t i s  w i t h  t h e  s p e c i a l  
o b j e c t  o f  f i n d i n g  o u t  w h e th e r  t h e  low p la sm a  p r o t e i n  was 
t h e  r e s u l t  o f  d i l u t i o n  o f  th e  b lo o d .  They c o n c lu d e d  f ro m  
t h e i r  r e s u l t s  t h a t  th e  p lasm a  volume was e i t h e r  u n i n f l u e n c e d  
b y  t h e  p r e s e n c e  o f  oedema o r  e l s e  t h a t  i t  was a c t u a l l y  d im in i s h ­
e d  when a n a s a r c a  was e x tre m e  a n d  t h a t  i n  n e p h r o t i c  n e p h r i t i s  
h y d ra e m ic  p l e t h o r a  d o es  n o t  o c c u r .
Darrow (1926) s tu d ie d  th re e  c h i ld r e n  w ith  n e p h ro t ic  
n e p h r i t i s  and  oedema and  a l l  had a low b lo o d  and  p lasm a volume 
d u r in g  oedema w hich  ro s e  to  norm al a f t e r  oedema had s u b s id e d .
He n o t e d  t h a t  t h e  d e c r e a s e  i n  t h e  serum  p r o t e i n s  i s  t h e r e f o r e  
g r e a t e r  t h a n  t h e  a p p a r e n t  d e c r e a s e  b e c a u s e  th e  p la sm a  volum e 
i s  a l s o  r e d u c e d  c o n s i d e r a b l y .
W a te r f ie ld  (1931) used  th e  carb o n  m onoxide m ethod to  
exam ine f i v e  p a t i e n t s  w ith  * r e n a l  oedema* and fo und  th e  p lasm a 
volume was ab n o rm a lly  low d u r in g  in c r e a s in g  oedema and ro s e  
a s  oedema d is a p p e a re d .  However, many c o m p lic a tin g  f a c t o r s  
w ere p r e s e n t  i n  h i s  p a t ie n ts *  one had  * sev ere  h e a r t  f a i lu r e * *  
a n o th e r  had  co m p le ted  a p reg n an cy  o n ly  f o u r  weeks p re v io u s ly *  
and  i n  a  t h i r d  th e  re d u c t io n  o f  oedema was o b ta in e d  by 
m u l t i p l e /
m u l t i p l e  s k i n  p u n c tu r e s *
I t  h a s  b e e n  shown t h a t  t h e  d i u r e s i s  i n d u c e d  by  
S a l y r g a n  i s  a c c o m p a n ie d  by a d i m i n u t i o n  i n  p la sm a  volum e 
(E v an s  & G-ibaon, 1 9 37)•  I t  i s  s u g g e s t e d  t h a t  t h e  f a i l u r e  t o
o b t a i n  c o n s i s t e n t  r e s u l t s  i n  t h e s e  i n v e s t i g a t i o n s  i e  due  t o  
one o r  m ore o f  t h e  f o l l o w i n g  c a u s e s .
1* I n s u f f i c i e n t  d i f f e r e n t i a t i o n  o f  th e  ty p e  o f
oedem a; f o r  example* i n t o  n e p h r i t i c *  n e p h r o t i c  
a n d  c a r d i a c *
2* F a i l u r e  t o  tim e th e  e s t i m a t i o n s  t o  c o i n c i d e  w i t h  
r a p i d  i n c r e a s e  o r  r a p i d  d e c r e a s e  i n  oedema* a n d  t o  
d i f f e r e n t i a t e  th e  two g ro u p s  i n  a p p r a i s i n g  a n d  
p r e s e n t i n g  th e  r e s u l t s *  F o r  ex a m p le ,  a  p a t i e n t  
w hose no rm a l w e ig h t  i s  3 °  Kg* a n d  whose w e ig h t  
when oedema i s  m axim al i s  4 0  Kg. may have  a b l o o d  
volum e e s t i m a t i o n  done when he w e ig h s  35 Kg* a n d  
h a s  w e l l  m arked  oedema* Such  a n  e s t i m a t i o n  
r e m a in s  v a l u e l e s s  u n l e s s  i t  i s  known w h e th e r  i t  
was o b t a i n e d  w h i l e  oedema was i n c r e a s i n g  to  4 0  Kg* 
a n d  t h e  d i s e a s e  was a c t i v e *  o r  w h i l e  oedema was 
d i m i n i s h i n g  a n d  r e c o v e ry  i n  p r o g r e s s *  I n  none 
o f  t h e  p u b l i s h e d  a c c o u n t s  i s  t h i s  e s s e n t i a l  
i n f o r m a t i o n  p ro v id e d *
3* An i n s u f f i c i e n t  number o f  p lasm a volum e 
e s t i m a t i o n s  i n  some o f  th e  s e r i e s *
4* The p r e s e n c e  o f  c o m p l i c a t i n g  d i s e a s e s  o r
c i r c u m s t a n c e s  a n d  t h e  u se  o f  a r t i f i c i a l  m e a su re s*  
s u c h  a s  m u l t i p l e  s k i n  p u n c t u r e ,  t o  o b t a i n  
r e d u c t i o n  o f  oedema*
The t e c h n i q u e  a d o p te d  a n d  some p r e l i m i n a r y  e x p e r im e n ts *
No p r o l o n g e d  f a s t i n g  i s  n e c e s s a r y  b u t  t h e  e s t i m a t i o n  
s h o u l d  n o t  b e  made w i t h i n  t h r e e  h o u r s  o f  th e  l a s t  meal* As 
a  r u l e  t h e  p a t i e n t  had  a l i g h t  b r e a k f a s t  a t  7 a*m* a n d  t h e  
e s t i m a t i o n  was done  a b o u t  noon*
The s o l u t i o n  f o r  i n j e c t i o n  was p r e p a r e d  im m e d ia te ly  
b e f o r e  i t  was r e q u i r e d  by a d d in g  10 ml* o f  t r e b l y  d i s t i l l e d  
w a t e r  t o  0*1 gm* o f  s t e r i l e  congo r e d  (B.D .H. L td * )  a n d  by  
w arm ing  t h e  m ix t u r e  t o  p r o c u r e  c o m p le te  s o l u t i o n *  The 
p a t i e n t ’ s  h e i g h t  an d  w e ig h t  w ere  m easured*  th e  b lo o d  p r e s s u r e  
t a k e n ,  an d  a r e d  c e l l  c o u n t  and h a e m o g lo b in  e s t i m a t i o n  was 
d one  on c a p i l l a r y  b lo o d  f ro m  th e  e a r*  A f t e r  c l e a n i n g  th e  
s k i n  a  f i n e  W asserm an n e e d le  was i n s e r t e d  i n t o  a v e i n  a t  th e  
l e f t  e lbow  an d  7 o r  8 m l.  o f  b lo o d  was w ith d ra w n  and  a d d e d  
t o  2 m l .  o f  1 . 1#  p o ta s s iu m  o x a l a t e  i n  a 15 m l.  g r a d u a t e d  
c e n t r i f u g e  tu b e  by d e t a c h i n g  th e  s y r i n g e  f ro m  th e  n e e d l e  a n d  
l e a v i n g  t h e  n e e d l e  i n  t h e  ve in*  A lo n g  n arrow  s y r i n g e  
d e s i g n e d  f o r  a c c u r a t e  m easurem ent and  c o n t a i n i n g  e x a c t l y  4  ml* 
o f  congo  r e d  was a t t a c h e d  t o  th e  n e e d le  an d  th e  dye  r a p i d l y  
i n j e c t e d  a n d  th e  n e e d le  w i th d ra w n .  E x a c t l y  4  m in u te s  a f t e r  
c o m p l e t i n g /
101 .
c o m p le t in g  t h e  dye i n j e c t i o n  a n e e d le  was i n s e r t e d  t o  a  v e i n  
a t  t h e  r i g h t  e lbow  a n d  a b o u t  8 m l.  o f  b lo o d  w i th d ra w n  an d  
a d d e d  t o  2 m l .  1.1j& p o ta s s iu m  o x a l a t e  i n  a 15 ml* g r a d u a t e d  
c e n t r i f u g e  tu b e #  B o th  b lo o d  s a m p le s  w ere c o v e r e d  w i t h  a 
t h i n  l a y e r  o f  l i q u i d  p a r a f f i n  to  p r e v e n t  e v a p o r a t i o n  a n d  
c e n t r i f u g a l i s e d  a t  2500 r e v s /m in .  f o r  a t  l e a s t  30  m in u te s#  
A f t e r  t h e  c e n t r i f u g a l i s a t i o n *  th e  volume o f  t h e  o x a l a t e d  
p la s m a  a n d  o f  t h e  p a c k e d  r e d  c e l l s  was n o te d  i n  e a c h  sa m p le  
a n d  t h e  h a e m a t o c r i t  and  p lasm a  d i l u t i o n  f a c t o r  c a l c u l a t e d #
The c l e a r  p la sm a  a n d  th e  dyed  p la sm a  w ere p i p e t t e d  o f f  th e  
r e d  c e l l s  a n d  a s t a n d a r d  s o l u t i o n  o f  1 /4 0 0  congo r e d  was made 
up u s i n g  1 m l.  o f  t h e  1$ s o l u t i o n  made up f o r  i n j e c t i o n *  a n d  
d i s t i l l e d  w a t e r .  The dyed p la sm a  and  w a t e r  w ere  th e n  
co m p ared  w i t h  t h e  undyed  p lasm a  a n d  th e  s t a n d a r d  s o l u t i o n  i n  
a  B u r k e r  c o m p e n s a t in g  c o l o r i m e t e r .  The m echan ism  o f  t h e  
c o l o r i m e t e r  i s  s u c h  t h a t  th e  s t a n d a r d  i s  s e t  a t  *10* an d  t h e  
r e l a t i o n s h i p  o f  t h e  unknown i s  o b t a i n e d  f ro m  a v e r n i e r  s c a l e  
a f t e r  m a tc h in g .  F iv e  s e p a r a t e  r e a d i n g s  w ere made f ro m  t h e  
c o l o r i m e t e r  a n d  th e  a v e ra g e  o f  t h e  l a s t  f o u r  was t a k e n  a s  t h e  
t r u e  r e a d i n g .  The c i r c u l a t i n g  p la sm a  volume was th e n  
c a l c u l a t e d  f ro m  th e  f o l l o w i n g  f o rm u la .
P la sm a  volum e = ”  V  + p la sm a  i n  2nd san* l e ‘
w h ere  D = d i l u t i o n  o f  th e  s t a n d a r d  i . e .  400
N = m l .  o f  1 .  congo r e d  i n j e c t e d  i . e .  4
C = c o r r e c t i o n  f o r  d i l u t i o n  o f  p lasm a  by o x a l a t e
"  s o l u t i o n  i . e .  m l.  o f  d i l u t e d  P lasm a  -  2
m l. o f  d i l u t e d  p lasm a
U /
1 0 2 .
U = r e a d i n g  o f  unknown on c o l o r i m e t e r  
S = r e a d i n g  o f  s t a n d a r d  on c o l o r i m e t e r  i . e .  10
The t o t a l  b l o o d  volume was t h e n  c a l c u l a t e d  f ro m  t h e  p la sm a
volum e b y  r e f e r e n c e  to  th e  h a e m a t o c r i t .
„ „  n ^ P la s m a  volume x  100 B lo o d  Volume a  ------------------- --------
P lasm a volume % ( h a e m a t o c r i t )
The r e d  c e l l  volume i s  th e  d i f f e r e n c e  b e tw e e n  t h e  b lo o d  volum e
a n d  t h e  p la sm a  vo lum e. F o r  p u r p o s e s  o f  c o m p a r iso n  th e
r e s u l t s  w ere  t h e n  e x p r e s s e d  a s  m l. p e r  Kg. o f  body w e i g h t ,  m l.  
p e r  S q . M. body s u r f a c e ;  and  f r a c t i o n  o f  body w e ig h t .  The 
s u r f a c e  a r e a  was o b t a i n e d  by r e f e r e n c e  t o  nomograms b a s e d  on 
D u b o is  (1 9 2 7 )  f o r m u l a .
Log A = Log W x  0 .4 2 5  + Log H x  O.7 2 5  + 1 .8 5 6 4  ( c )
w h ere  A = s u r f a c e  a r e a  i n  Sq. m e t r e s .
W = body  w e ig h t  i n  K i lo g ra m s .
H = h e i g h t  i n  c e n t i m e t r e s .
0 = a c o n s t a n t  o b t a i n e d  by e x p e r im e n t  (D ubo is  1 9 2 7 ) .
The fo rm u la  h as  a maximum e r r o r  o f  7% i n  c h i l d r e n .  I n  
e s t i m a t i n g  t h e  b lo o d  a n d  p lasm a volum es a s  a f r a c t i o n  o f  t h e  
body  w e i g h t  th e y  m ust be  c o n v e r t e d  f ro m  volum es t o  w e ig h t s  a n d  
f o r  t h i s  p u r p o s e  a S p e c i f i c  G r a v i ty  o f  1 .0 3 0  f o r  p la sm a  an d  
1 .0 6 0  f o r  b lo o d  was a d o p te d  a s  s u f f i c i e n t l y  a c c u r a t e .
I n  a l l  p a t i e n t s  w i t h  oedema, th e  r e l a t i o n s h i p  b e tw e e n  
b lo o d  o r  p la sm a  volum e and  w e ig h t  has  b een  c a l c u l a t e d  on t h e  
b a s i s  o f  t h e  ’’oedema—f r e e  w e ig h t ’1, t h a t  i s  t o  s a y ,  t h e  l o w e s t  
w e ig h t  t o  w h ic h  t h e  c h i l d  f e l l  s u b s e q u e n t ly ,  when oedema h ad  
p a s s e d  o f f  a n d  n o rm a l w a t e r  b a la n c e  was r e s t o r e d .
V
A t y p i c a l  e x p e r im e n t  i s  r e c o r d e d  i n  A p p e n d ix  3 .
The congo r e d  u se d  i n  t h e s e  e x p e r im e n t s  was s t a t e d  to  
be  n o n - t o x i c  by t h e  m a n u f a c tu r e r s  (M e s s r s .  B.D.H. L t d . , )  b u t
i t  was d e c i d e d  t o  c o n d u c t  e x p e r im e n ts  on r a b b i t s ,  b e f o r e
t e s t i n g  t h e  m eth o d  on human b e i n g s ,  i n  o r d e r  t o  p ro v e  t h e  
n o n - t o x i c  n a t u r e  o f  t h e  dye and  to  p r a c t i c e  t h e  te c ih n iq u e .
S l i g h t  m o d i f i c a t i o n s  o f  th e  t e c h n iq u e  o u t l i n e d  above  w ere  j
r e q u i r e d  i n  t h e s e  t e s t s *  The s t a n d a r d  u s e d  was a 1 -  300 
s o l u t i o n  o f  congo  r e d  an d  o n ly  3 o r  4  m l.  o f  b lo o d  w ere  
o b t a i n e d  a s  b l o o d  s a m p le s .  I t  was f o u n d  t h a t  r a b b i t s  b lo o d  
r e q u i r e d  a s t r o n g e r  c o n c e n t r a t i o n  o f  o x a l a t e  th a n  human b lo o d ,  
p a r t l y  b e c a u s e  o f  i t s  g r e a t e r  f r a g i l i t y  an d  p a r t l y  b e c a u s e  t h e  j 
s a m p le s  w ere  o b t a i n e d  s o  s lo w ly .  The a n im a l  was f i x e d  i n  a f
s p e c i a l  box  an d  th e  m a r g in a l  v e i n  o f  t h e  l e f t  e a r  c u t ,  a f t e r  f
j;
s h a v i n g  o f f  th e  s u r r o u n d i n g  f u r .  A f t e r  s e c u r i n g  a sp e c im e n  j-
o f  b l o o d ,  0*5  m l.  o f  1$ congo r e d  was i n j e c t e d  i n t o  t h e  v e i n  a n d  
a f t e r  4  m i n u t e s ,  t h e  m a r g in a l  v e i n  o f  th e  r i g h t  e a r  was c u t  an d  f 
a  s e c o n d  sa m p le  o f  b lo o d  o b ta in e d *  I t  to o k  3 t o  5 m in u te s  t o  
o b t a i n  t h e s e  s p e c im e n s .
F o u r  e x p e r im e n t s  w ere d o n e .  One o f  t h e s e  was a p u r e  
t o x i c i t y  e x p e r i m e n t .  One m l.  o f  congo r e d  was i n j e c t e d  a n d  
no a t t e m p t  made to  e s t i m a t e  t h e  b lo o d  volum e. A l th o u g h  t h e  
c o n c e n t r a t i o n  o f  t h e  dye i n  t h e  r a b b i t ’s  b lo o d  was a t  l e a s t  
s i x  t im e s  g r e a t e r  th a n  i t  i s  w i t h  th e  u s u a l  q u a n t i t y  g iv e n  t o  
human b e i n g s ,  no e v id e n c e  o f  t o x i c i t y  was o b s e rv e d .  The 
r e s u l t s /
TABLE 4 .
BLOOD VOLUME EXPERIMENTS ON RABBITS.










B lood  
Volume 
T o ta l  m l.
1 1 .200 71 110 132
2 2 .810 35 67 189
3 2 .8 4 0 50 74 211
A v erag e . 2 .280 52 78 177
r e s u l t s  o f  th e  o t h e r  t h r e e  e x p e r im e n t s  a r e  r e c o r d e d  in  
T a b le  4 and  when t h e y  a r e  com pared  w i t h  th e  o b s e r v a t i o n s  
o f  o t h e r s  (T a b le  1) t h e y  c o r r e s p o n d  m ost c l o s e l y  w i t h  t h o s e  
o f  M c Q u a rr ie  & D a v i s ,  u s in g  t h e  same m e th o d ,  and  th e  p la sm a  
vo lum es  a r e  s i m i l a r  t o  th o s e  o f  N ice & K a tz ,  who a l s o  u s e d  
K e i t h ,  R o w n tree  and  G e r a g h ty 's  m e thod .
As a f i n a l  t e s t ,  t h e  m ethod was u s e d  on t h r e e  
n o rm a l  h e a l t h y ,  m ale  a d u l t s .  In  t h e s e  t e s t s ,  t h e  s u b j e c t  
r e s t e d  f o r  o n ly  30 m in u te s  b e f o r e  t h e  e s t i m a t i o n  was made 
an d  10  m l .  o f  t h e  dye w ere  i n j e c t e d  i n s t e a d  o f  4 m l .  In  
n o  c a s e  d i d  t h e  s u b j e c t  r e c o g n i s e  any  i l l  e f f e c t  and a l l  
r e su m e d  t h e i r  n o rm a l  d u t i e s  im m e d ia te ly  a f t e r  th e  f i n a l  
s am p le  o f  b lo o d  had  b een  t a k e n .  When th e  r e s u l t s  (T a b le  
5) a r e  com pared  w i t h  th o s e  o f  o t h e r  w o rk e rs  (T a b le  2) t h e y  
show t h a t  t h e  t e c h n i q u e  a d o p te d  g iv e s  r e s u l t s  w i t h i n  t h e  
commonly a c c e p t e d  s t a n d a r d s ,  a l t h o u g h  t h e  a v e r a g e  I s  r a t h e r  
lo w e r  t h a n  Brown & R ow ntree  !s n o rm a l s t a n d a r d  and  w ould  h av e  
b e e n  e v e n  lo w e r  th a n  i t  i s  b u t  f o r  t h e  h i g h  b lo o d  volume o f  
one s u b j e c t  (P .M .)  who was o f  s p a r e  b u i l d .  In  a n o t h e r  
s i m i l a r  e x p e r im e n t  n o t  r e c o r d e d  ab o v e ,  some o f  t h e  dye was 
a c c i d e n t a l l y  i n j e c t e d  i n t o  t h e  t i s s u e s  o u t s i d e  an e lbow  
v e i n .  The s u b j e c t  h ad  o n ly  t r i v i a l  d i s c o m f o r t  f o r  36 h o u r s  
and  a  d eep  r e d  c o l o u r  s p re a d  o v er  th e  a n t e c u b i t a l  a r e a  b u t  
f a d e d  c o m p l e t e l y  w i t h i n  a week and l e f t  no  i n j u r y .  When 
s u c h  an  a c c i d e n t  o c c u r s  t h e  e x p e r im e n t  m u s t ,  o f  c o u r s e ,  be 
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a b a n d o n e d .
I n  v iew  o f  t h e  s a t i s f a c t o r y  n a t u r e  o f  t h e s e  p r e l i m i n ­
a r y  t r i a l s ,  i t  was d e c id e d  t o  p r o c e e d  w i t h  t h e  m ethod  i n  th e  
s t u d y  o f  s i c k  c h i l d r e n .
OBSERVATIONS ON THE BLOOD AND PLASMA. VOLUME IN NEPHRITIS.
F i f t y  e ig h t  p lasm a volume e s t im a t io n s  have been  done 
on 28 p a t i e n t s  w i th  v a r io u s  ty p e s  o f n e p h r i t i s .  The d i s t r i ­
b u t io n  o f  th e s e  t e s t s  i s  shown in  T able 6 and g r e a t  im p o rt­
ance  i s  a t t a c h e d  to  th e  d i f f e r e n t i a t i o n  o f  th e  ty p e s  o f  th e  
d i s e a s e  a n d , in  a c u te  haem orrhag ic  n e p h r i t i s  and in  n e p h r o t ic  
n e p h r i t i s ,  t o  th e  s ta g e  o f oedema a t  w hich th e  e s t im a t io n  
was made*
D e t a i l s  o f  e a c h  o f th e  e s t im a t io n s  i s  re c o rd e d  in  
a p p e n d ix  4 .
A cu te  H aem orrhag ic  N e p h r i t i s .
Twenty f i v e  p lasm a volume e s t im a t io n s  w ere done on 
tw e lv e  p a t i e n t s  w i th  a c u te  n e p h r i t i s .  The r e s u l t s  have 
b een  s e p a r a te d  i n to  th re e  g roups f o r  p u rp o se s  o f  co m p a riso n , 
nam ely  th o s e  d o n e f
1 .  When th e  p a t i e n t  was m arked ly  oedem atous in  th e
i n i t i a l  (s ta g e  o f th e  d is e a s e  and b e fo re  d i u r e s i s
had become f u l l y  e s t a b l i s h e d .
2 .  When th e  oedema was s u b s id in g  and th e r e  was
w e l l  m arked d i u r e s i s .
3 .  When a l l  oedema had d is a p p e a re d , d i u r e s i s  had
p a s se d  o f f ,  and th e  p a t i e n t  was c o n v a le s c e n t .
T h e /
TABLE 6 »
DISTRIBUTION OF PLASMA VOLUME ESTIMATIONS IN NEPHRITIS.
A cu te A cute  s ta g e  w ith  oedema 9
H aem orrhag ic S ta g e  o f  d im in is h in g  oedema 9
N e p h r i t i s . O edem a-free  s ta g e 7
S t a te  o f in c r e a s in g  oedema 8
N e p h ro tic
N e p h r i t i s .
S t a t e  o f d im in is h in g  oedema k
O edem a-free  s ta g e 5
C h ro n ic  Haem ori•hagic N e p h r i t i s 11
N e p h ro s c le r o s is 5
T o ta l  E x p e rim e n ts 58
The r e s u l t s  have been e x p re s s e d  In  m i l l i l i t r e s  
p e r  K ilog ram  o f  body w e ig h t as w e ll  a s  t o t a l  volume b e c a u se  
t h i s  p ro v id e d  a u s e f u l  means of com paring  th e  e x te n t  o f  th e  
change in  volume in  c h i ld r e n  o f d i f f e r e n t  age and w e ig h t.
B u t, a s  was a lr e a d y  e x p la in e d , a c h i l d 's  w e ig h t i s  g r e a t l y  
augm ented by  th e  mass o f oedema and i t  would be e rro n e o u s  t o  
r e l a t e  th e  p lasm a volume t o  th e  a r t i f i c i a l l y  h ig h  w e ig h t o f 
a g r o s s ly  oedem atous c h i l d .  For t h i s  r e a s o n ,  in  e a c h  c ase  
th e  no ed em a-free  w e ig h t” , t h a t  i s  th e  lo w e s t w e ig h t w hich  
th e  c h i ld  re a c h e d  a f t e r  a l l  oedema had d is a p p e a re d , was 
u se d  f o r  c a l c u l a t i n g  th e  p lasm a volume p e r  K ilo g ram . For 
i n s t a n c e ,  th e  c h i l d  A.D. (T ab le  7 and A ppendix 4) w eighed 
2 9 .6  Kg. on th e  day  o f h e r  f i r s t  p lasm a volume e s t im a t io n ,  
2 5 .1  Kg. on th e  day  o f  th e  seco n d , and h e r  f i n a l  oedema- 
f r e e  w e ig h t was 2 3 .6  Kg. b u t th e  volumes o f 61, 4 4 , 68 m l./K g . 
i n  t a b l e  7 were e ac h  c a lc u la te d  on a w e ig h t o f 2 3 .6  Kg.
T h is  seems th e  m ost u s e f u l  and re a s o n a b le  way o f  
a r r i v i n g  a t  a  b a s i s  f o r  com parison a lth o u g h  i t  i s  r e a l i s e d  
t h a t  th e  f i n a l  w e ig h t, coming as i t  does a f t e r  an a c u te  
i l l n e s s  w ith  d i e t e t i c  r e s t r i c t i o n s ,  m ust u s u a l ly  be below  
th e  c h i l d ' s  no rm al w e ig h t in  h e a l th .  T h is  i s  th e  re a so n  
why th e  p lasm a volume i s  h ig h  in  r e l a t i o n  to  body w e ig h t in  
n e a r ly  a l l  p a t i e n t s  in  t h i s  g ro u p . T aking t h i s  i n to  a c c o u n t, 
th e  a v e ra g e  r e s u l t s  ( t a b le  7) show t h a t  th e  p lasm a volume i s  
n o t  above no rm al w h ile  th e  c n i ld  has g ro ss  oedema; t h a t  i t  
b e co m es /
TABLE 7*
PLASMA VOLUME IK ACUTE NEPHRITIS.
STo oedemaS u b sid in g
oedema
S ta t io n e r y
oedema
a f t e r
D iu r e s i s
NAME
D uring
D iu re s is
B e fo re
D iu r e s is
AGE
ml T o ta l
ml*
mlT o ta l  ml 
ml* ____
T o ta l
ml*
9018657 y r sG .c
9866 yrs
717R.McP. 4 yrs
92510835 y rsA .  J
1613103910 y r sA . D
10 y r sR* J  i
97210678 y r sE.G.
52119010 y r s 1573
978115110 y r s  








becom es c o n s i d e r a b l y  r e d u c e d  when t h e  k id n e y  r e c o v e r s  i t s  
f u n c t i o n  and d i u r e s i s  o c c u r s ,  and t h a t  i t  r e t u r n s  t o  n o rm a l  
when t h e  d i u r e s i s  comes t o  an  end  and t h e  f l u i d  b a l a n c e  i s  
r e s t o r e d .
The d i f f i c u l t y  o f  c o n s i d e r i n g  t h e  c h a n g e s  i n  t h e  
t o t a l  volum e o f  r e d  c e l l s  a s  a g ro u p  i s  m a n i f e s t  b y  s t u d y  
o f  t h e  i n d i v i d u a l  r e s u l t s  i n  T a b le  8 and  b y  r e f e r e n c e  t o  
t h e  h a e m o g lo b in  l e v e l s  in  a p p e n d ix  4 .  Some p a t i e n t s  w ere 
a n a e m ic  when f i r s t  exam ined  (G .C .)  and  r e c o v e r e d  d u r in g  
t r e a t m e n t ,  w h i l e  o t h e r s  d e v e lo p e d  an aem ia  d u r in g  t h e i r  
i l l n e s s  (A .D ,;  P .O . ;  J .M .)  and r e c o v e r e d  d u r in g  c o n v a l e s c e n c e .
I t  i s  t o  be e x p e c te d  t h e r e f o r e ,  t h a t  th e  volume o f  
r e d  c e l l s  w i l l  b e  h i g h e r  a f t e r  i l l n e s s  th a n  i t  was d u r in g  
t h e  c o u r s e  o f  t h e  d i s e a s e .
When t h e  a v e ra g e  f i g u r e s  i n  T a b le  8 a r e  com pared  
w i t h  t h o s e  i n  T a b le  7 ,  t h e y  show c o n c l u s i v e l y  t h a t  t n e  
f l u c t u a t i o n  o b s e rv e d  i n  th e  r e d  c e l l  c o u n t  a s s o c i a t e d  w i t h  
d i u r e s i s  and d i m i n i s h i n g  oedema and d e s c r i b e d  i n  P a r t  2 o f  
t h i s  t h e s i s  i s  due t o  changes  i n  th e  p la sm a  volume and  n o t  
t o  a n a e m ia .  The a v e ra g e  r e d  c e l l  volume d u r in g  t h e  I n i t i a l  
s t a g e  was 37 m l . /K g .  and  th e  p lasm a  volume was 61 m l . /K g .  
an d  d u r i n g  t h e  p e r i o d  o f  s u b s i d i n g  oedema and d i u r e s i s  t h e  
r e d  c e l l  volum e re m a in e d  a t  37 ml . /K g .  w h i le  t h e  p la sm a  
volum e f e l l  t o  49 m l . /K g .  and t h e  r i s e  i n  t h e  c e l l  c o u n t  
o b s e r v e d  a t  t h i s  s t a g e  i s  s e e n  t o  be due t o  l o s s  o f  f l u i d  
f r o m /
TABLE 8 .
HEP CELL VOLUME IE  ACUTE HEPHRITIS.
NAME* 
AGE* •
S ta t io n e r y
oedema
B e fo re
D iu r e s i s
S u b s id in g
oedema
D uring
D iu re s is
No
oedema
A f te r
D iu r e s i s












G.C. 7 y r s . 2+61 26 710 40
P .O . 6 y rs* 622 41 488 . _ 3.2 .
R.McP* 4  y r s . 409 ....3P
A .J* 5 y rs* 623 38 508 _ 3 ! ...
A.D* 10 y rs* 916 39 702 30 1158 49
R .J .  10 y rs* 832 3 2 . . .
E.G* 8 y r s . 764 40 787 42 858 46
R.D. 10 y rs* 761 33 793 34
E.G . 10 y r s . .690 36 734 38
J.M . 5 y rs* 595 44 642 47 919 68
S.D . 4  y rs* 497 34 504 34
G.H. 8 y r s 782 40





f ro m  th e  b lo o d  s t r e a m .  D u rin g  th e  s u b s e q u e n t  c o n v a le s c e n c e  
t h e  r e d  c e l l  volum e r o s e  t o  42 m l ./K g . i n d i c a t i n g  r e c o v e r y  
f ro m  a  m ild  a n a e m ia , w h ile  th e  p lasm a  volum e r e t u r n e d  t o  
i t s  n o rm a l l e v e l  o f  to2 m l . /K g , ;  t h e r e f o r e  d u r in g  c o n v a le s ­
c e n c e  t h e r e  was an i n c r e a s e  in  th e  t o t a l  num ber o f  c i r c u l ­
a t i n g  r e d  c e l l s  a l th o u g h  th e  r e d  c e l l  c o u n t  was f a l l i n g  
b e c a u s e  th e  p la sm a  was i n c r e a s i n g  even  m ore r a p i d l y .
T h ese  r e s u l t s  a l s o  d e m o n s tra te  t h a t  some c h i l d r e n  
w i th  a c u te  h a e m o rrh a g ic  n e p h r i t i s  d e v e lo p  a m o d e ra te  
d e g re e  o f  g e n u in e  anaem ia  d u r in g  th e  c o u r s e  o f  t h e i r  
i l l n e s s  and  th e  e x t e n t  o f  t h i s  a n a em ia , o b s c u re d  a s  i t  i s  
b y  v a r i a t i o n s  i n  th e  p la sm a  volum e, can  be r e c o g n is e d  o n ly  
b y  e s t i m a t i o n  o f  th e  t o t a l  c i r c u l a t i n g  r e d  c e l l  v o lu m e.
N e p h ro t ic  N e p h r i t i s .
S e v e n te e n  p lasm a volume e s t im a t io n s  w ere done on 
f i v e  p a t i e n t s  w i th  n e p h r o t ic  n e p h r i t i s .  S in c e  t h i s  i s  
n o t  an  a c u te  d i s e a s e ,  and i s  n o t  u s u a l l y  acco m p an ied  b y  
an y  w a s t in g ,  th e  o e d e m a -fre e  w e ig h t o f  t h e s e  c h i l d r e n  i s  
a b o u t  th e  e x p e c te d  w e ig h t f o r  t h e i r  age and  c o n s e q u e n t ly ,  
th e  p la sm a  volum e r e l a t e d  t o  w e ig h t (T a b le  9 ) i s  q u i t e  
n o rm a l d u r in g  th e  q u ie s c e n t  p h ase  o f  th e  d i s e a s e .  The 
a v e ra g e  o f  t h e  r e s u l t s  does n o t  d e m o n s tra te  any  v e ry  s i g ­
n i f i c a n t  ch an g e  in  tn e  p lasm a volum e d u r in g  th e  s ta g e  o f  
i n c r e a s i n g  oedema and o l i g u r i a ,  b u t  when oedema i s  d im in i s h ­
in g  an d  d i u r e s i s  h a s  commenced th e r e  i s  a v e ry  m arked in c r e a s e  
i n /
110.
i n  th e  p la sm a  v o lu m e . The f a c t  t h a t  when u r i n a r y  e x c r e t i o n  
i s  low  t h e r e  i s  n o  i n c r e a s e  i n  p la sm a  volum e a n d , t h a t  i t  i s  
c o n s id e r a b l y  i n c r e a s e d  d u r in g  th e  p e r io d  o f  d i u r e s i s ,  
s t r o n g l y  s u g g e s t s  t h a t  i n  n e p h r o t ic  n e p h r i t i s  i t  i s  th e  
ch an g e  i n  p la sm a  volum e w h ich  d e te rm in e s  th e  volum e o f  
u r i n a r y  e x c r e t i o n .  I t  i s  v e ry  d i f f i c u l t  t o  r e c o g n is e  when 
th e s e  c h i l d r e n  a r e  d e v e lo p in g  a l a r g e  a c c u m u la tio n  o f  oedem a, 
s in c e  d u r in g  th e  a c t i v e  p h ase  o f  th e  d i s e a s e  t h e i r  w e ig h t 
an d  u r i n a r y  e x c r e t i o n  f l u c t u a t e  c o n s id e r a b ly  e v e ry  few  d a y s  
and  i t  i s  c o n s id e r e d  p ro b a b le  t h a t  i f  t h e  p la sm a  volum e 
e s t i m a t i o n s  i n  th e  f i r s t  colum n o f  T a b le  9 c o u ld  be tim e d  
m ore a c c u r a t e l y  t o  s y n c h ro n is e  w i th  a p e r io d  o f  r a p i d l y  
i n c r e a s i n g  oedem a, th e  volum es d i s c lo s e d  w ould  b e  lo w er 
th a n  th o s e  r e c o r d e d .  T h is  i s  s u p p o r te d  by  th e  r e s u l t s  
o b ta in e d  In  t h e  p a t i e n t  T.M. in  whom th e  e s t im a t io n s  w ere 
w e l l  t im e d  t o  c o in c id e  w i th  r a p i d  f l u c t u a t i o n s  o f  oedem a.
The r e d  c e l l  volum e o f  th e s e  c h i l d r e n  (T a b le  10) 
i s  c o n s id e r a b l y  above n o rm a l and  g iv e s  a t o t a l  b lo o d  volum e 
above  n o rm a l and  som etim es v e ry  g r e a t l y  above n o rm a l.  T hese  
p a t i e n t s  a r e  v e r y  l i a b l e  t o  d e v e lo p  a su d d en  an aem ia  o f  c o n ­
s i d e r a b l e  d e g re e  a s  a r e s u l t  o f  an a c u te  i n f e c t i o n  and  th e  
v e r y  w id e  f l u c t u a t i o n  in  t h e i r  r e d  c e l l  volum es i s  a t t r i b u t e d  
t o  th e  f a c t  t h a t  th e y  w ere o f te n  v e ry  anaem ic o r  w ere  r e ­
c o v e r in g  fro m  a n a e m ia . The c o m b in a tio n  o f  w ide f l u c t u a t i o n s  
in  th e  p la sm a  volum e in  a s s o c i a t i o n  w i th  ch an g es  in  oedema 
and  w ide f l u c t u a t i o n s  in  th e  r e d  c e l l  volum e a s s o c i a t e d  w i th  
i n f e c t i o n /
TABLE 10.
VOLUME OP CIRCULATING- BED CELLS IK NEPHROTIC NEPHRITIS.
NAME.
AGE.
In c r e j
Oed<
O ligu]
T o ta l
m l.








T o ta l
m l.













5 y r s .
1127 61 1214 65 861 46
1175 63 960 52
T.M.
7 y r s .




5 y r s . 288 24
W. G.
7 y r s . 1434_ 77 860 46
C.MoG.
3 y r s .
680 49 557 40
668 48 708 51
A verages 47 59 46
i n f e c t i o n  p ro d u c e s  a  c o m b in a tio n  o f  c h a n g e s  i n  th e  b lo o d  
c o u n ts  and  h a em o g lo b in  e s t im a t io n s  w h ich  may be  d i f f i c u l t  t o  
i n t e r p r e t  w i th o u t  t h e s e  a b s o lu te  m easu rem en ts*  No e x p la n a t io n  
can  b e  o f f e r e d  f o r  th e  s u r p r i s i n g l y  h ig h  r e d  c e l l  volum e in  
t h e s e  p a t i e n t s .
N e p h r o s c le r o s is .
A b lo o d  volum e e s t im a t io n  h a s  b een  made on e a c h  o f  
f i v e  c h i l d r e n  w i th  n e p h r o s c l e r o s i s .  They w ere t y p i c a l l y  
t h i n ,  u n d e r n o u r is h e d  c h i ld r e n  and  a l l  h a d  b een  on r e s t r i c t e d  
d i e t  f o r  v a r i a b l e  p e r i o d s .  T h is  e x p la in s  t h e i r  h ig h  b lo o d  
and  p la sm a  vo lum es in  r e l a t i o n  t o  w e ig h t (T a b le  11) and i s  
c o m p a ra b le  t o  th e  f in d i n g s  in  h e a l t h y  s u b je c t s  who a r e  o f  
s p a r e  b u i l d .  I f  t h e s e  c h i l d r e n  h ad  b een  o f  n o rm a l w e ig h t 
f o r  t h e i r  ag e  and  h e i g h t ,  th e  r e l a t i v e  b lo o d  volum es w ould  
h av e  b e e n  p e r f e c t l y  n o rm a l. The r e s u l t s  show t h a t  th e  
p a t i e n t s  who w ere  anaem ic (H .L .;  P .B .)  a s  a  r e s u l t  o f  
h a e m o rrh a g e  o r  i n f e c t i o n ,  h ad  a n o rm a l p lasm a volum e and a  
s u b n o rm a l r e d  c e l l  vo lum e. Red c e l l  c o u n ts  and h aem o g lo b in  
e s t i m a t i o n s  in  t h e s e  p a t i e n t s  p ro v id e  an a c c u r a te  r e p r e s e n t ­
a t i o n  o f  th e  d e g re e  and  c o u rs e  o f th e  a n a e m ia .
C h ro n ic  H aem o rrh ag ic  N e p h r i t i s .
E le v e n  p la sm a  volume e s t im a t io n s  on s i x  c a s e s  o f  
c h r o n ic  h a e m o rrh a g ic  n e p h r i t i s  r e v e a l  th e  h ig h  r e l a t i v e  
p la s m a /
TABLE 11.
















PLASMA VOLUME BLOOD VOLUME
m l./
£ g * .




T o ta l
m l.
J .C .  6 y rs* 86 58 742 104 1318
M*McN* 9 y rs* 108 60 1001 109 1810
J .D . 9 y rs* 74 62 986 101 1611
R*L* 10 y rs* k3 55 988 71 1263
P*B. 7 y rs* 58 52 724 79 1104
AVERAGES. 7k 57 888 93 1421
112.
p la sm a  volum e e x p e c te d  in  t h i n ,  u n d e rw e ig h t c h i l d r e n  w i th
a n ae m ia  (T a b le  1 2 ) .  The mean h e ig h t  o f  th e s e  c h i l d r e n  was
125 cm s. and  t h e i r  mean w e ig h t  was 2 1 .2  Kg. Had th e y  b ee n
n o rm a l h e a l t h y  c h i l d r e n  w i th  an a v e ra g e  h e i g h t  o f  125 cm s.
t h e i r  a v e ra g e  w e ig h t w ould have  b een  26 Kg. (H o lt  & M c In to sh )
and  fro m  t h i s  f i g u r e  u s in g  Brown & R ow ntree  fs  s t a n d a r d s ,
t h e i r  n o rm a l p la sm a  and  r e d  c e l l  vo lum es c a n  be c a l c u l a t e d .
H e ig h t  W eigh t R .B .C . V o l. P lasm a V o l. B lo o d  V o l.
cm s. Kg. m l. m l .  m l.
125 26 910 1578 2288
The a c t u a l  r e s u l t s  o b ta in e d  in  th e s e  c h i l d r e n  w e r e : -
H e ig h t W eig h t R .B .C . V o l. P lasm a V o l. B lo o d  V o l.
cm s. Kg. m l. m l. m l.
125 2 1 .2  747 1301 2048
T h is  show s t h a t  th e y  have  an a v e ra g e  d e f i c i e n c y  o f  77 m l. o f
p la sm a  and  163 m l.  o f  r e d  b lo o d  c e l l s  o r  e x p re s s e d  a s  a
p e r c e n ta g e  t h e i r  p la sm a  volum e i s  5 .7 $  below  n o rm a l and t h e i r
r e d  c e l l  volum e i s  18$  b e lo w  n o rm a l.  I t  i s  o b v io u s  t h a t  th e
r e d u c t i o n  in  th e  r e d  c e l l  c o u n ts  and h aem o g lo b in  e s t i m a t i o n s
i n  t h i s  g ro u p  o f  c h i l d r e n  ( s e e  P a r t  111) i s  due t o  a  g e n u in e
an aem ia  and n o t  t o  d i l u t i o n  o f  th e  b lo o d  b y  an e x c e s s  o f
p la sm a  •
D is c u s s io n .
In  th e  a b se n c e  o f  a r e l i a b l e  and  s u f f i c i e n t l y  0001- 
p r e h e n s iv e  s ta n d a r d  o f  b lo o d  and  p lasm a volum e i n  n o rm al 
c h i l d r e n ,  i t  i s  n o t  p o s s ib l e  t o  make do g m atic  s ta te m e n ts  
a b o u t t h e  c h a n g e s  i n  t o t a l  b lo o d  volume w h ich  a r e  fo u n d  in  
t h e /
TABLE 12 .














PLASMA VOLUME BLOOD VOLUME
AGE. m l. / 
'Kg.




T o ta l
m l.
A.A. 8 y r s . 64 45 1019 66 1494
J .C .  5 y r s . 4 4 79 1302 105 1736
J .R .  7 y r s . 72 65 1823 106 2981
»» 80 59 1662 101 2847
t» 75 65 1831 108 3033
P .C . 7 y r s . 70 68 1230 107 1934
tt 76 74 1334 118 2118
M.R. 6 y r s . 58 64 887 90 1245
If 60 70 964 100 1383
It 62 64 889 99 1372
A.McA. 12 y r s . 85 48 1373 84 2384
AVERAGES. ! 68 - 64 1301 99 2048
113 .
t h e  d i f f e r e n t  ty p e s  o f  n o n -o  edem atous n e p h r i t i s .  The 
f o l lo w in g  d e d u c t io n s  a r e  t h e r e f o r e  b a s e d  on th e  a s su m p tio n  
t h a t  t h e  r e l a t i v e  b lo o d  volum e o f c h i l d r e n  i s  c o m p a ra b le  t o  
t h e  a c c e p te d  s ta n d a r d s  in  a d u l t s  o r  e l s e  i s  s l i g h t l y  h i g h e r .  )
In  a c u te  n e p h r i t i s ,  c h r o n ic  h a e m o rrh a g ic  n e p h r i t i s  
and n e p h r o s c l e r o s i s  (T a b le s  7 , 8 , 1 1 , 12) th e  m a l n u t r i t i o n  
r e s u l t i n g  fro m  d i e t e t i c  r e s t r i c t i o n s  and th e  i n f lu e n c e  o f  
t h e  d i s e a s e  l e a d s  t o  a  p lasm a volume h ig h  in  r e l a t i o n  t o  
b o d y  w e ig h t  i n  c o n t r a s t  t o  th e  n o rm a l p lasm a  volum e i n  th e
n o n -o e d e m a to u s  p h a se  o f  n e p h r o t ic  n e p h r i t i s  (T a b le s  9 , 1 0 )
a d i s e a s e  in  w h ic h  g e n e r a l  n u t r i t i o n  i s  n o t  s e r i o u s l y  
a f f e c t e d .  I t  s h o u ld  be n o te d  t h a t  th e  b lo o d  volum e in  t h e s e
f i r s t  t h r e e  d i s e a s e s  i s  r a i s e d  o n ly  r e l a t i v e  t o  w e ig h t and
t h a t  th e  d i s e a s e  le a d s  t o  no  change in  th e  t o t a l  b lo o d  volum e 
e x c e p t  i n  a s s o c i a t i o n  w i th  oedema o r  a n a e m ia . Oedema c a u s e s  
c h a n g e s  in  th e  p la sm a  volum e and an aem ia  c a u s e s  c h an g e s  in  
t h e  r e d  c e l l  v o lu m e .
The r e s u l t s  o b ta in e d  by  th e  p la sm a  volum e e s t i m a t ­
io n s  c o n f i rm  th e  h y p o th e s is  made fro m  th e  p r e v io u s ly  
o b s e rv e d  v a r i a t i o n s  in. th e  r e d  c e l l  co u n t in  t h e  c o u r s e  o f  
a c u t e  n e p h r i t i s  and  n e p h ro t ic  n e p h r i t i s 9 t h a t  th e  f l u c t u a t ­
io n s  i n  th e  r e d  c e l l  c o u n ts  a re  due t o  v a r i a t i o n s  i n  th e  
p la sm a  volume and t h a t  th e  m echanism  o f re c o v e ry  .in t h e s e  
tw o  d i s e a s e s  I s  e n t i r e l y  d i f f e r e n t .  An. a tte m p t has been  
made t o  show th e s e  d i f f e r e n c e s  c i a g r s m a t i c a i l y  i u  th e  
a c c  ompanylng/
114 .
a cc o m p a n y in g  s e r i e s  o f  c h a r t s  w h ic h  d e a l  w i th  th e  r e d  c e l l  
c o u n t s ,  p la sm a  v o lu m es , oedema and d i u r e s i s  o f  c h i l d r e n  w i th  
a c u te  n e p h r i t i s  and  n e p h r o t ic  n e p h r i t i s .  A d e t a i l e d  c o n ­
s i d e r a t i o n  o f  th e  c e l l  c o u n ts  h a s  a l r e a d y  b e e n  made in  P a r t  1 1 .
C h a r t  1 . r e p r e s e n t s  th e  r e l a t i o n s h i p  b e tw e en  th e  r e d  
c e l l  c o u n ts  and  th e  s ta g e  o f oedema and c h a r t  2 • ■ i l l u s t r a t e s  
th e  r e l a t i o n s h i p  b e tw een  th e  same c o u n ts  and  th e  volum e o f  
u r i n a r y  e x c r e t i o n .  C h a r ts  5 and  4 d e a l  w i th  th e  c h i l d r e n  i n  
whom b lo o d  volum e e s t im a t io n s  w ere m ade. The r e d  c e l l  c o u n ts  
i n  t h e s e  c h i l d r e n  w ere  s im i l a r  t o  th o s e  i n  th e  l a r g e r  s e r i e s
i l l u s t r a t e d  i n  c h a r t s  1 and 2 and th e  c e l l  c o u n ts  a r e  com­
p a r e d  i n  c h a r t s  3 and  4 w i th  th e  ch an g es  in  p la sm a  volum e and 
t h e  volum e o f  u r i n a r y  e x c r e t i o n .  I t  i s  e v id e n t  fro m  th e s e  ■ 
c h a r t s  t h a t  th e  c h a n g es  in  th e  r e d  c e l l  c o u n t can  be a t t r i b ­
u t e d  t o  v a r i a t i o n s  in  th e  p lasm a volum e.
In  a c u te  n e p h r i t i s  ( c h a r t  3 ) w i th  oedema and b e f o r e
d i u r e s i s  h a d  com m enced, th e  a v e ra g e  p la sm a  volum e was 61 m l.
p e r  Kg. b u t  d u r in g  d i u r e s i s  w i th  r a p i d l y  d im in is h in g  oedema 
th e  p la sm a  vo lum es w ere th e  lo w e s t r e c o rd e d  in  th e  w hole 
s e r i e s ,  a v e r a g in g  o n ly  49 m l. p e r  Kg. and  th e n  some tim e  
l a t e r ,  when th e  w a te r  b a la n c e  o f  th e  body  had  b een  r e ­
e s t a b l i s h e d ,  th e  p la sm a  volume had r e tu r n e d  to  a p p ro x im a te ly  
th e  f i r s t  l e v e l  a t  62 m l. p e r  Kg. P a t i e n t s  w i th  a c u te  
n e p h r i t i s  do n o t  a s  a  r u l e  a r r i v e  in  h o s p i t a l  d u r in g  th e  
p h a se  when oedema i s  i n c r e a s in g  and s o  i t  h as  n o t  b een  























RED CELL COURTS DURING AMP AFTER OEDEMA.
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BED CELL COOHTS DURING DIURESIS.
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NEPHROTIC NEPHRITIS.
 • Plasm a Volume.
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p o s s ib l e  t o  make any e s t im a t io n s  a t  t h i s  s ta g e *  b u t  s in c e  
t h i s  i s  th e  tim e when th e  k id n ey  f u n c t io n  i s  m ost s e r i o u s l y  
a f f e c t e d ,  i t  i s  c o n s id e re d  p ro b a b le  t h a t  th e  p lasm a volume 
i s  th e n  in c r e a s e d .
I t  i s  s u g g e s te d  t h a t  in  th e  i n i t i a l  s ta g e  o f  a c u te  
n e p h r i t i s ,  when w a te r  e x c re t io n  by th e  k id n ey s i s  im p a ire d , 
f l u i d  i s  dammed bacx  and th e  p lasm a volume r i s e s ,  th e  
e x c e s s  w a te r  th e n  p a s se s  ou t from  th e  b lo o d  s tre a m  i n t o  th e  
t i s s u e  s p a c e s ,  p ro d u c in g  oedema and as i t  does so  th e  p lasm a 
volume g r a d u a l ly  r e tu r n s  to  n o rm al. When th e  k id n ey s  r e c o v e r  
t h e i r  f u n c t i o n ,  f l u i d  i s  drawn from  th e  b lood  to  e l im in a te  
a cc u m u la te d  w aste  p ro d u c ts ,  th e  plasm a volume i s  red u c ed  
below  n o rm a l and th e  f l u i d  g ra d u a l ly  r e tu r n s  from  th e  t i s s u e  
sp a c e s  to  th e  b lo o d  and oedema d im in is h e s . When accum ulated  
w a ste  p ro d u c ts  have been e l im in a te d  and th e  ex cess  o f f l u i d  
in  th e  t i s s u e s  has d is a p p e a re d , d i u r e s i s  c ea se s  and the  
p lasm a volume r e t u r n s  t o  no rm al.
In  n e p h ro t ic  n e p h r i t i s  ( c h a r t  4) the  changes in  th e  
b lo o d  volume a re  q u i te  d i f f e r e n t .  In t h i s  case  i t  was p o s s ib le  
t o  tim e  some o f th e  p lasm a volume e s t im a t io n s  so  t h a t  th e y  
were done d u r in g  a p e r io d  when th e  oedema was s t i l l  in c r e a s in g  
and o l i g u r i a  was more or l e s s  m arked. At t h i s  s ta g e ,  th e  
p lasm a volum es av e rag e d  5 2 .5  m l. p e r  Kg. D uring th e  second  
p h a se , t h a t  o f d im in ish in g  oedema and d i u r e s i s ,  th e  h ig h e s t  
p lasm a volum es o f  th e  whole s e r i e s  were o b ta in e d  and a v e ra g e d  
7 7 . 5 /
77*5 ml* p e r  Kg* In  com plete  c o n t r a s t  to  th e  lo w e s t volum es 
o f  th e  s e r i e s  o b ta in e d  d u r in g  t h i s  phase  o f d im in is h in g  
oedema in  a c u te  n e p h r i t i s *  D uring  th e  t h i r d  s t a g e ,  when 
oedema had  d is a p p e a re d  and d i u r e s i s  had c e a se d , th e  no rm al 
v a lu e  o f  55 m l. p e r  Kg. was o b ta in e d . I t  i s  su g g e s te d  t h a t  
th e s e  r e s u l t s  p ro v id e  good ev id en ce  t h a t  th e  oedema o f t h i s  
d i s e a s e  i s  n o t  due to  f a i l u r e  o f r e n a l  f u n c t io n .  I n i t i a l l y ,  
f l u i d  p a s s e s  fro m  th e  b lood  in to  th e  t i s s u e  sp a ce s  and oedema, 
a  low p lasm a  volum e, and o l ig u r i a  r e s u l t .  D u rin g  re c o v e ry , 
f l u i d  p o u rs  b ack  i n to  th e  b lo o d  c a u s in g  su b s id e n c e  o f oedema 
and a h ig h  p lasm a volum e, and a t  th e  same tim e th e  k id n e y s  
e x c r e te  th e  e x c e ss  o f w a te r in  th e  b lo o d  w ith  r e s u l t a n t  
d i u r e s i s .  F i n a l l y ,  when f l u i d  c e a se s  to  p a ss  from  th e  
t i s s u e s  t o  th e  b lo o d  in  e x c e ss iv e  q u a n t i ty ,  th e  plasm a 
volume r e t u r n s  t o  th e  norm al l e v e l  and d i u r e s i s  c e a s e s .
In  a c u te  n e p h r i t i s ,  a l t e r a t i o n  in  th e  volume o f  
f l u i d  e x c r e te d  b y  th e  k id n ey s i s  th e  cau se  o f th e  changes In  
th e  p lasm a  volum e, b u t  in  n e p h ro tic  n e p h r i t i s  i t  i s  th e  
change in  th e  p lasm a volume th a t  d e te rm in e s  th e  volume o f  
r e n a l  e x c r e t i o n .
As no p re v io u s  i n v e s t i g a to r  has d i f f e r e n t i a t e d  the  
p h a se s  o f  th e  d i f f e r e n t  ty p e s  o f n e p h r i t i s  in  p r e s e n t in g  
th e  r e s u l t s  o f  b lo o d  volume e s t im a t io n s  i t  i s  n o t p o s s ib le  
t o  make a c lo s e  com parison  o f the  r e s u l t s  o b ta in e d  in  t h i s  
s tu d y  w i th  th o se  o f o th e r  w o rk e rs .
T h e /
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The o b s e rv a t io n s  in  n e p h ro t ic  n e p h r i t i s  a r e ,  however* 
in  g e n e r a l  ag reem en t w ith  th o se  o f  Brown & R ow ntree (1928) in  
t h a t  v e ry  d e f i n i t e l y  h ig h  b lood  and p lasm a volum es have  been  
fo u n d , p a r t i c u l a r l y  d u r in g  th e  s ta g e  o f d im in is h in g  oedema.
B ennho ld  (1926) drew a t t e n t i o n  t o  th e  f a c t  t h a t  
congo r e d  d is a p p e a r s  more q u ic k ly  from  th e  c i r c u l a t i o n  in  
p a t i e n t s  w i th  n e p h ro t ic  n e p h r i t i s  th a n  in  norm al p e rs o n s  and 
t h i s  was s u g g e s te d  as a re a so n  f o r  th e  h ig h  b lo o d  volume fo u n d . 
Brown & R ow ntree (1928) e s t im a te d  th e  r a t e  o f  e x c r e t io n  o f 
congo  r e d  from  th e  b lo o d  and c la im ed  t h a t  i t  was o n ly  1 .5 $  
f a s t e r  th a n  in  norm al s u b je c ts  and th e y  s t a t e d  t h a t  th e  
amount o f  dye l o s t  d u r in g  th e  fo u r  m inu te  p e r io d  b e fo re  th e  
b lo o d  sam ple was ta k e n  was n o t s u f f i c i e n t  t o  a l t e r  th e  r e s u l t  
s i g n i f i c a n t l y .
I t  i s  o f  g r e a t  i n t e r e s t  t o  compare th e  changes in  
p lasm a  volume w hich  have been found  to  occu r in  n e p h ro t ic  
n e p h r i t i s ,  w i th  th e  p lasm a volume s tu d ie s  o f W alte rs  e t  al.* 
(1947) in  e x - p r i s o n e r s  o f war who were s u f f e r in g  from  se v e re  
m a l n u t r i t i o n ,  h y p o p ro te in ae m ia , and oedema. In b o th  groups 
o f  p a t i e n t s ,  th e  serum  album in l e v e l  was g r e a t l y  re d u c e d  and 
th e r e  was w id e sp re a d  oedema. The f l u c tu a t i o n s  in  th e  p lasm a 
volume a s s o c ia t e d  w ith  re c o v e ry  were I d e n t i c a l  in  th e  two 
g ro u p s . W hile oedema was extrem e th e  plasm a volume was 
ab o u t no rm al o r l e s s  th a n  no rm al, as oedema d imi n is h e d ,  th e  
p lasm a volume r o s e  f a r  above norm al and some weeks l a t e r ,  
w hen /
when oedema had  d is a p p e a re d  and d i u r e s i s  c e a s e d , th e  p lasm a 
volume r e tu r n e d  t o  a norm al l e v e l .
W a lte rs  draw s a t t e n t i o n  to  th e  f a c t  t h a t  th e  
i n c r e a s e  in  serum  album in w hich o ccu rs  a s  r e c o v e ry  ta k e s  
p l a c e ,  i s  much g r e a t e r  th a n  th e  r i s e  in  serum  p r o t e in  co n ­
c e n t r a t i o n  s u g g e s t s ,  because  th e  plasm a volume i s  a l s o  
g r e a t l y  in c r e a s e d .
The b lo o d  volume t e s t s  have co n firm ed  th e  o b s e r ­
v a t io n ,  made from  o th e r  h a e m a to lo g ic a l d a ta ,  t h a t  in  s e v e re  
c a s e s  o f  a c u te  h aem o rrh ag ic  n e p h r i t i s ,  a m ild  and tem p o ra ry  
anaem ia  may d e v e lo p  and th a t  in  c h ro n ic  haem o rrh ag ic  
n e p h r i t i s  th e r e  i s  a more se v e re  and p e r s i s t e n t  anaem ia 
w hich  c a n n o t  be a t t r i b u t e d  to  hyd raem ia .
119 .
GENERAL SUMMARY.
As a  p r e l im in a r y  to  th e  s tu d y  o f  anaem ia  in  n e p h r i t i s ,  
i n v e s t i g a t i o n s  w ere made upon th e  e f f e c t  o f  oedema on th e  
a c c u ra c y  o f  r e d  c e l l  c o u n ts  done on c a p i l l a r y  b lo o d  and i t  
h a s  b een  shown t h a t  th e  p re se n c e  o f oedema le a d s  to  a d i l u t i o n  
o f  th e  c a p i l l a r y  b lo o d  flo w in g  from  a  p u n c tu re  in  th e  lo b e  o f 
th e  e a r .  T here  i s  a f a l s e  lo w e rin g  o f  th e  r e d  c e l l  co u n t 
by a b o u t 2 .5  p e r  c e n t  b u t in  view  o f th e  t e c h n ic a l  In co n v e n ien c e  
and in c r e a s e d  e x p e r im e n ta l  e r r o r  e n ta i l e d  in  o b ta in in g  
sp ec im en s o f  venous b lo o d  f o r  c e l l  c o u n ts  i t  was d e c id e d  to  
u s e  c a p i l l a r y  b lo o d  as  a  r o u t in e  p ro ce d u re  w h ile  b e a r in g  i n  
m ind th e  i n e v i t a b l e  sm a ll  e r r o r  w hich  a r i s e s  in  oedem atous 
i n d i v i d u a l s •
S e r i a l  r e d  c e l l  c o u n ts  done th ro u g h t  th e  c o u rse  
o f  a c u te  h a em o rrh ag ic  n e p h r i t i s  and n e p h r o t ic  n e p h r i t i s  
have  shown t h a t  t h e  c o n c e n tr a t io n  o f  r e d  c e l l s  in  th e  b lo o d  
v a r i e s  w i th  th e  d e g re e  o f  oedema and th e  volume o f u r in a r y  
s e c r e t i o n  and d i r e c t  p lasm a volume e s t im a t io n s  have p roved  
t h a t  th e s e  changes in  th e  r e d  c e l l  co u n t a re  due to  
f l u c t u a t i o n s  in  th e  p lasm a volum e. I n  a c u te  haem orrhag ic  
n e p h r i t i s  a s  r e c o v e ry  o c c u rs  and d iu r e s i s , .b e g in s ,  th e r e  i s  
a  r i s e  in  th e  r e d  c e l l  c o u n t w hich  re a c h e s  a  maximum o f  
a b o u t /
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a b o u t 700*000 r e d  c e l l s  p e r  c.mm. o f b lo o d  a t  th e  h e ig h t  
o f  d i u r e s i s  and t h e r e a f t e r  g r a d u a l ly  r e t u r n s  to  i t s  
p re v io u s  l e v e l  w ith  th e  r e s t o r a t i o n  o f  no rm al w a te r  
b a la n c e  and k id n e y  f u n c t io n  d u r in g  c o n v a le s c e n c e .
I n  n e p h ro t ic  n e p h r i t i s ,  how ever, th e  r e d  c e l l  c o u n t 
r i s e s  w i th  in c r e a s in g  oedema and o l i g u r i a  and f a l l s  s h a r p ly  
d u r in g  d im in is h in g  oedema and d i u r e s i s .
As an e x p la n a t io n  o f  th e s e  f in d in g s  i t  was shown 
t h a t  d u r in g  th e  a c t iv e  s ta g e  o f  a c u te  n e p h r i t i s  when r e n a l  
f u n c t io n  i s  im p a ire d , f l u i d  i s  damned back  and a c c u m u la te s  
i n  t h e  b lo o d  whence i t  i s  pushed o u t i n to  th e  t i s s u e s .
D u rin g  th e  s ta g e  o f r e c o v e ry , when th e  k id n e y  resum es 
i t s  f u n c t i o n ,  f l u i d  i s  w ithdraw n from  th e  b lo o d  s tre a m  t o
e x c r e te  accu m u la ted  w aste  p ro d u c ts  and th e  p lasm a volume 
f a l l s •
I n  n e p h ro t ic  n e p h r i t i s  on th e  o th e r  h a n d , th e  
k id n e y s  seem t o  p la y  a  p a s s iv e  r o l e .  D uring  th e  a c t iv e  
sjbuge o f  th e  d i s e a s e  when oedema I s  in c re a s in g *  f l u i d  
e s c a p e s  from  th e  b lood  in to  th e  t i s s u e s  and th e  p lasm a 
volum e d e c r e a s e s  and o l ig u r i a  r e s u l t s .  When r e c o v e ry  
b e g in s  and  oedema d im in is h e s ,  f l u i d  r e tu r n s  to  th e  b lo o d  
s t r e a m , th e  p lasm a volume i s  in c re a s e d  and th e  e x c e ss  fhald  i n  
th e  b lo o d  i s  e x c r e te d  by th e  k id n ey s  w ith  r e s u l t a n t
d i u r e s i s .  I
A s / |
As th e  t o t a l  re d  c e l l  volume o f  th e  b lo o d  
rem a in s  ab o u t c o n s ta n t*  i t  can  r e a d i l y  be u n d e rs to o d  how 
th e s e  f l u c t u a t i o n s  in  p lasm a volume can  p ro d u ce  ch an g es 
in  th e  re d  c e l l  coun t w hich  su g g e s t an  in c r e a s in g  anaem ia 
b u t  a r e  i n  r e a l i t y  due to  a d im in is h in g  h a e m o c o n c e n tra t io n .
The c o n t r a d ic to r y  r e s u l t s  o b ta in e d  by w o rk e rs  
s tu d y in g  anaem ia  in  n e p h r i t i s  has been  d is c u s s e d  and some 
e x p la n a t io n s  f o r  th e  in c o n s is te n c ie s  have been  p ro p o se d .
The n e c e s s i t y  t o  c o n s id e r  d i f f e r e n t  ty p e s  o f  k id n ey  d i s e a s e  
In d e p e n d e n tly  h a s  been  em phasised and i t  h as  been  shown 
t h a t  th e  t y p i c a l  c h ro n ic ,  I n t r a c t a b l e  anaem ia o f n e p h r i t i s  
o c c u rs  o n ly  i n  th e  c h ro n ic  haem orrhag ic  ty p e  o f  th e  d is e a s e *  
T h is  anaem ia i s  o rthoch rom ic  and n o rm o c y tic , I s  accom panied  
by  a  s l i g h t  l e u c o c y to s i s ,  and th e r e  i s  a  no rm al p r o p o r t io n  
o f  r e t i c u l o c y t e s  among th e  re d  c e l l s .  I t  i s  m o d e ra te ly  
s e v e re  In  d e g re e  and la rg e  do ses o f i r o n ,  l i v e r  e x t r a c t*  
and V itam in  C f a i l e d  t o  produce any a m e lio ra t io n  o f th e  
anaem ia*
A num ber o f i n v e s t ig a t io n s  d e s ig n e d  t o  show th e  
ty p e  and e t i o lo g y  o f th e  anaem ia have been  d e s c r ib e d  and i t  
was c o n c lu d e d  t h a t  w h ile  c h ro n ic  haem orrhage may* p e r  se* 
r a r e l y  le a d  t o  some d eg ree  o f anaem ia, In  th e  v a s t  m a jo r i ty  
o f c a s e s  th e  anaem ia i s  due t o  some f a c t o r  d e t r im e n ta l  t o  
th e  developm en t o f  th e  r e d  c e l l .  G a s tr ic  
h y p o c h lo rh y d r  l a /
h y p o c h lo rh y d r ia  i s  a  f r e q u e n t  accom panim ent o f  anaem ia in  
n e p h r i t i s  h u t  i s  n o r  in v a r ia b ly  p r e s e n t  n o r  i s  th e  s e v e r i t y  
o f  th e  h y p o c h lo rh y d r ia  p ro p o r t io n a te  to  th e  d e g re e  o f  anaem ia 
The m ethods o f e s t im a t in g  th e  b lo o d  volume have 
been  d is c u s s e d  and th e  in f lu e n c e  o f a  num ber o f f a c t o r s  
upon  th e  r e d  c e l l  volume and th e  p lasm a volume h as  been
d e s c r ib e d .  The in ad eq u acy  o f  p u b lis h e d  r e c o rd s  o f  th e  
b lo o d  volume in  c h ild h o o d  was n o te d  b u t i t  was shown t h a t
i t  i s  s a f e  t o  assum e a c h i ld  has a  b lood  volume r e l a t i v e l y  
l a r g e r  th a n  an  a d u l t .  R e v ie w  o f  th e  p u b lis h e d  work on th e  
ch an g es w h ich  o c cu r in  th e  b lood  volume d u r in g  n e p h r i t i s  
showed a re m a rk a b le  f a i l u r e  to  o b ta in  c o n s i s t e n t  r e s u l t s  
and  c e r t a i n  r e a s o n s  f o r  t h i s  in c o n s is te n c y  w ere s u g g e s te d .
The b lo o d  volum e ex p erim en ts  d e s c r ib e d  in  th e  p r e s e n t
s tu d y  showed t h a t :
1* Oedema i s  accom panied by changes in  th e  p lasm a 
volum e.
2 .  An a c u te  pyogenic i n f e c t io n  o c c u r r in g  i n  a  p a t i e n t
w i th  n e p h ro t ic  n e p h r i t i s  le a d s  to  a f a l l  i n  th e  
t o t a l  volume o f c i r c u l a t i n g  re d  c e l l s .
3 . An a c u te  in f e c t io n  o r a haem orrhage in  a  p a t i e n t
w ith  n e p h ro s c le ro s is  le a d s  t o  a f a l l  in  th e  
t o t a l  r e d  c e l l  volum e.
4 . C h ro n ic  haem orrhag ic  n e p h r i t i s  i s  accom panied by
a  m o d e ra te ly  se v e re  r e d u c t io n  in  th e  t o t a l  
r e d  c e l l  volum e.
A l l /
A l l  o f  th e s e  changes a re  shown c l i n i c a l l y  by 
a f a l l  in  th e  haem oglobin  l e v e l  and in  th e  r e d  c e l l  co u n t 
b u t  n o t  a l l  o f  them  in d ic a te  th e  p re s e n c e  o f  an aem ia . In  
th e  f i r s t  g roup  th e r e  i s  no anaem ia; in  th e  seco n d  and 
t h i r d  g ro u p s  th e r e  i s  a tem porary  anaem ia w ith  a c t iv e  
h a e m o p o ie s is , and  i f  th e  in f e c t io n  o r haem orrhage i s  
c o n t r o l l e d  sp o n ta n eo u s  re c o v e ry  from  th e  anaem ia o c cu rs  
r a p i d l y .
I n  th e  f o u r t h  group th e re  i s  an o r th o c h ro m ic , 
n o rm o cy tic  anaem ia w hich  i s  m o d e ra te ly  se v e re  and q u i te  
i n t r a c t a b l e ,  an d  p ro v id e s  a s  good a g u ide  to  th e  s t a g e ,  
c o u rs e  an d  p r o n o s is  o f  th e  d is e a s e  a s  any o th e r  s in g le  
f a c t o r .
aP M P I X - Q M
EXPLANATION OP PROPOHidii.
Hame
1)3 t e  *
Blood*
R*B*C*(e)Red b! _ood c e l l s  i ft cap i; • l a r y slood ( m i l l i ms pe ? c .mn . )
R*B»C* (v ) -j^ -.ood ce l l s  i ft venoi ls b io 3d (mi! L lions p e r c .mm. )
W .B .C *(e) te blooc c e l l s per c ,mm. o fT c a p i L lary ) lo o d .
W *B * C * (v ) ..  ^j_ -(3Q blooc c e l l s per c mm. o f vsno' is b io )d .
Kb# fejriaem ogl* )b in  c f  c a p i l l a r y  1)lood (p e r  c 3nt, ha Ldane ) ( io o /o - 13 .8
Hb* (v).Haemogl< >bin c f  vsno is  bloc >d ( pe ? c e n t , Ha Id me . )
C * I .( e ) C o lo u r  :m dex - c a p i l l a r y  1)lo o d .
C * I# (v )C o lo u r  :index - vsno is  bloc >d.
R e t i c u lo c y te s . Per c e n t  o f  re d  cj e l l s .
F i l m .
Blood P re s s u re # M ill : Line t r e  s of me: ’c u ry . S.ys to L ic /o i as t o l i o .
Weight* K ilo? grains .
Oedema. Empii • ic a l  s ig n s (Iienn ie 1933) •
n#P*n# N o n -p ro te in n i t r e gen - ngms. ;Der 10 0 m l. of b io od .
Blood Cl* /too ls b li )od c i l lo r id e s in  m,m s . 0 f  N a C l . p e r LOO m l . o f  1 l o o d .
Plasma Cl* p l a s m a e h l o r :pdes i n mgms * o f  P a ) 1 .  pe r  1 0 0  :n l .  o f b l o o c •
R*B*C* (V o l .)
P a- ek e id re d c e l l s  ;ser ce a t  o f r / h o l a o l o o d .
Serum P ro te in * d r  arm l e s  p e r 1 0 0  m! L. o f s  e  r u m •
Van den B e rg .
E r n p i ] l e a l  u n i t s . ,
Brine*
Alb# i i l b u n l i n  i n p a r t s  ;L s b a c h •
Blood* R e d  c; e l l s  i n  m i l l L o n s  p s r  2 4 l o u r s e x c r e t i o n .
Cl* C h l o i * i d e  i n g r  aimm 53 o f NaG 1 . p e r  2 4 h o u r s e x c r e t i o n .
Sp. Or* h p e c  j . f i c  d r a v i t y .
Amount.
B frobllln#
Blood Volume* M i l l ] . l i t r e s •
l e s t  H e a l .
■ M f a A n n i e  A n d e r s o n .  A g e d  8  * * » • • • • • • ♦ * • • • * * * • • » * • * • y e a r s . P a g e  1 .
Date*
Blood*
H *B * C *  ^e )
R .B .C .(v )
W *B .C .(e)
W.B.C.(v) 
gb« (e)  
Kb. (v)
G .I*(e)
C * I .(v )










3 9 . O c t
9,
y > o ?o o
9 o
/- o




8 ,8 0 0
<C
/ •  ©
/ •  o
/•Z /Vo *. /*  /Vov/. *)£ /Vo*/. 3 Dfc. /  O Otrc. /  y £>**.
3 -3 8 8 3<J03
b^ -9c?o 3-<3u3











3 -3 3 0
3 -8 /0
/o, 9o o 
£ 6 © o  
<£ <J
*2 £ At
( 0 9 b o /- o /• © A X
/• © /• O / • © O. ?
S lim .
Blood P ressu re.
Weight, o?9 .5“ 3)6.30 3 3  93 £>( 3S 33-33 33-33' <33 ■ 99
Oedema.
N.P.K* <38 9 j u - y 14*3. VV <P
Blood C l. 3 0 3 At 6 3<£/ 336
Plasma Cl*
R.B.C. (V o l .)
* O O  ^o^ r £o?/ £<3 3
<3 9 -0 <=34r- O
Serum Protein .
<*?3 - O O? . ©
3 -3 3 3  -3 6 3 3 - / 3 3~- 8?
Van den Berg.
B rine.
/9e*t- A/«. /Yac.. /Ye*.
C2 /-o?3 c2 /■J?8 / '  c2q5~
Blood* * ? / «SV
Cl* /•*“ •?
/&/(=, ?*y <=38/ A/ 90
0 -6/V /  /








( 0 / 8
Amount. 
K ro h ilin *  
Blood Volume.  
T est M eal.
3“3 0 A* 3 0 3  0 o ^ 9 0 OSO-t- 36 o 3  0 0
Hea. /VtrG. H e  a. rv £*. / / s s . /Y-e?*. /Yea.
D a t e #
Pec. 3/ Osc. V  yv»<v. /At 3 W e ? / *7>«. <3 9 «f»N. U Pe&. //.Pea, / f *  /~e/&.
B l o o d * .
R  * B •  C  .  (  e ) 0.9*/O 3-08*4 3-09S J - O o o «9- 9 9 0 ^  O ea.y 3 / 8 0 0-9 90
R . B . C . ( v ) 3  • /&& «a? 3 /6 3 '
W . B * C # C e ) 9, so o 8, 6 00 8,300 ^  9«C > 9 , ^ 0 0 9.800 9, 1*00 / 0  ^ V 0 0
W * B » 0 #  ( v ) 8, Uoo 8,900 9,00  0
H b #  ( e ) 6 « 3 <> ^ <6 c? 6 0 6 0 £ 0 £ Ac 3 8 € O
Hb* (v ) 6 H 6 Ac
C * I . ( e ) / •  o s /• 0 /• O /• O /  O /. 0 /• 0 /. O O ■ ?
C * I * ( v ) /• 0 /• O /•o
R e t i c u l o c y t e s  •
"Film.
B l o o d  P r e s s u r e . l O ' V ^  I . 0 ^  ut»
1 5 ^
W e i g h t . <0S-8 0 PS-6 / <&3T 68 0S-/8 0 8 - S' o?.S~- A/S' 0 S-*/ 0S- 0 <&S <*
O e d e m a . + -b y- + ~h + ■+■ •+- +
N . P . F * S 3 - 0 3 9  c U9-Z 3 0 -S
B l o o d  C l . S  /  S 3 3  y S O  9 S 3  C
P l a s m a  C l . 6 /? 46? 4 6 ? £ 64 &
R # B * C *  ( V o l . ) 3 o 30 3 3  3 < 0 9  4 *
S e r u m  P r o t e i n .
3 3 9 3 6  8 S C  0 0~. 0 /
V a n  d e n  B e r g . /Yeti. /W*. t i  ec,_
B rine.
A l b # t - s / - 0 S /■ 3 /  8 J S /  s / 0 S /• O
B l o o d . U3C 3 60 <0 99 93 / /Vo /6  *4 0  00 0 3  A 0  6 0
C l . 0 c 0 8 /• O <3 ? 0 8 A 3 0 9 /- O /  <0
S p .  Q r . / OZ-3 /  O fm> / 0 / / ZO/3 /  O 08 / © / / / O / 0 / o  /*» /  0  0  9
A m o u n t * 6 /so 6 0 0 3 3 3 / / 6  O / / S  0 8 0 0 1/0 0 /  O ✓© * 4  e>
U r o b i l i n . Nec. /We. /Vec.. /yz?«. rturc.. /W a. /y«cr<*. A? sc,
B l o o d  V o l u m e *
T e s t  H e a l *
— —J
Hame.An.nA e. . ilrl<l e.:l;s.0.Il v . . JlS a 4 A .S e a r s .  rage 3 .
D a t e ,
i t  m****. / /  />'?«*. / *  / * w A S  f i n * . 1 Ft pH  It. J f t w t W  flpnii. <39
B lo o d #
R *B  # C »  ^e ) 3 - f s o #?• * y o J . J  • /A tO J -  / S O s -  / s o ^.<=3 OO <3 - 9 3  0 3 - o e o
R .B .C .  ( v )
W . B . C . ( e ) Z j & o o 2 , U O  © Z O ,A t OO V ,< o o /S', 8 OO A?,o?OC> /*% «ro o t o , s o o t o ,  o  a  o
W *B  ,C  .  ( v )
H b ,  ( e ) 3 8 3 8 6 C 4 © £ U 4 S <? Af £  o *  o
H b .  ( v )
C . X . ( e ) / -  O / -  © / o /•  o /  o / •  O / •  © / .  O /•  o
C . X . ( v )
R e t i c u l o c y t e s • o  • ? / -  ^ / •  «5* /• /  ©
F i l m .
B lo o d  P r e s s u r e # 10* Sr5 *
,0 U ^
W e ig h t . <3 A t-A C A s r - t t o u 9 a?//- V A U - A , A ^ t - C S cO o
Oedema • ■* + +■ * 4- •# / + —
N .P .N # A l t -  8 A t I t  * 3 /  A t
B lood C l# s o s & J  3 S / S
Plasm a C l# 6 t t £  U i 4 a s  t
R *B .C # ( V o l # ) <?9 i t <33 V 3 / ^
Serum P r o t e i n # A t- V 9 3 - 6  8 3 - / F
Van d e n  B e r g # r / s * . W e e ,. f t e s .
B rin e #
A lb # /• O /■  O / -  © /  y jr a  • o o? . © + +
B lo o d # & A t $ j o y / A t  A t «=? ©? 6  © «=a// ^ t u u 3 0  A
C l# C<=> c? / /  o /• / •  6 O A* «p- £
Sp# G r . / O / A / o o  y t o o ? /  o /c i /  o o 8 /  o / o t o / A / o  / 3
A m ount# U  S O / *  y o / O J O J  t * 2  At  o f  t o 46  0 / / 6  O
B r o b l l l n # /V  f q . r t s * . M e t , . M c-a . r f e c , . N b a  . f / s c . .
/ Y t r * .
B lo o d  V o lu m e #
l e s t  M e a l .
Treatment! 1 3 th  t a r .  F errou s su lp h a te  5 g ra in s  th r ic e  d a i l y .
12 th  a.pr . ^ top Ferrous s u lp h a te .
filooo
H am e..4££i<5.4»dSSSQ n*..4ged .S.years. Page 4 . .
Date*
6/*7/«iy t3 Play e20 /7c»y o>V/*7^ y 3 *C#/V4C 9 */€***tIt /6 7v<v* c3 9 3*f*.ig
B lood.
R .B • C • ( 6) 3> 080 3  61/0 3 3 /0 3-340 y  «7^o J -o /o ?yo I/ O US i-i - O Sro
R .B .C .(v )
W .B .C *(e) 9,soo 9, tfOO 8,30 o 8 ,300 P,«JOO 9.-300 9 .800 n, yoo //, o? O O
W .B.C*(v)
Kb* ( e ) S & 6 U 4 // ^  o3 S 3 S 3 v <f- <PO
Hb* (v )
C * 1 .( e ) /• O /' o / '  O /- o A © /■ o /• o /• o /. o
C .I* (v )
R e t i c u lo c y te s . o ■ 8 / 3 o -A O 9 /- Ac a y
F ilm .
Blood P r e s s u r e . to* > y xo<C^* iif
W eight. c3 c?<3". £/<2T o?£* * ^  y*/ o> V - o /
Oedema. + -h + y- + *• •f- f-
U.P.H* • 6 3>9-/4
Blood C l . S 3  3 SO  o 3"o? t
Plasma- C l . 6 8 /i 4U * V*
R.B.C. (V o l* ) 0?O?- ^ J / / -o A
Serum P r o t e i n . S / 8 U 9 U U-4>3
Van den B e rg . tt£  « . He*. /V«.
Brine*







B lo o d . / / s o <=?*&/ £/-3 O 9 o ^-2 /-2 6 c3 ©«P
Q H. • / / y /• H A <5 o? ‘ A /■ s / '  v <P -«3
Sp . Gr* / a / y /  0 / 3 /  o / u / o / o /  O A? /O / 3 /  0 / 3 /  O / /
Amount* / / / s o /o3 O O 94 O / SOO / f 3 O / 0 3 0 9 0 © fm> O
tT rtjb ilin* He*. H e*. H e*. He*. He*. H e*. He*.
Blood Volum e. /U9U
T est M eal.
vrn**a John R e id .  Aged 7 y e a r s
Date*
Bloo cl.
R *B> * C • ( e ) 




Kb * ( e )  
Hb* (v )
C . I . ( e )
R e t i c u l o c y t e s
F ilm .
Blood P r e s s u r e ,
W eight. J s -c g
/«2 «Jc//ve




i / .s r ts
S’ o
0 9
















j y j k u
3  9 V S





U- of o 3- Voo
//, 0 -0  o V, voo
V4 4  Ac
o ? 0 . 9
0 9 -ou
Oedema. -f +
B.P.H* UL9-S 3 0  •/ j y 3
Blood C l . I t  V i
Plasma C l .
R.B.C. (V o l* ) 39-0 U/- £* £ 4 0  - 8
Serum P r o t e i n .
Van den B e rg
y-o? £-CS
B rine.
B lo o d .
/Ye,
G - S o  - s O -S' /Cj. /Cj. 'A -
/ 3  9 /  4 3 U O / / / y 3
c? • •? /.©
Bp. G r. /  0 3  3 / O / V /OOJ* / 0 3 0 /© / •? /OSS /  O/C.
Amount*
B ro b ilin *
t4 t O A/S' © jsesro 4 0 0 //■* o Vcr© y^©
/Y* C /Vcq. A/e c




Treatment; 2 4 . 7 . 3 9 .  F e r ro u s  Su lpha te  3 g r a i n s  t h r i c e d a i l y .
Date#
B lood-
R .B .C .( e )
il-Snaal, 1*/ fiu«j «a3 flue,. 3 O Aut
a? 'UUOj -v jo c j y y j 3-0  6C* 3 -cayar 990
R .B .C .(v)
W .B .C .(e ) / 0,^00 /3, f o o ✓ 0,0*00 >3, //OO //, 8o o /(>>,«} oo
W .B .C .(v )
Hb« ( e ) U u £>' © .S'U *sr/* 3“ <3
Hb. (v )
C . I . ( e ) © 9 O- 9 /• © ✓• o O. 9 o • S* © 9
C . I . ( v )
R e t i c u l o c y t e s . 0  6 O - ^
F ilm .
Blood P r e s s u r e . >-^>6 ^ / o
W eight. /y- ^ / y. o /*Y<S- /< • y /(>4U /*~3 /c o a
Oedema. - _ — — _ —
SiPJSr# S Y S «a U8  • / A/S-Zi
Blood C l . / /VcJ- y /TOO
Plasma C l . 6 /* V ^  O J
R.B.C. ( V o l . ) ■ v e?y. 6 cP9- fi5
Serum P r o t e i n . o5' o 9 * j y 4-0-5 * -3*iJ
van den  B e r g . /y»<i.. /y«A. /Vcd
U rin e .
A lb . U / o i /  ys* /  y$-
B lo o d . /4 00 wT3*© .5~«5~ © JTAf 9 / y /14A/ <£/-///&-
C l. /'O /• /V /• © 0 9 / - a /•«2 © 9
Sp. G r. / 0 / 0 / o  o y / o / o /c/3 /  O /A /C/A /© /*✓
A m ount. y y o 3-v o J  c © £ €, O /-/ 80 ✓/ 3" ©
B r o b l l i n . /*/ e<;. /Ve /y« s. /Ves. Wee,.
V olum e. / YJC
T est M e a l.
nnmo  P a t r i c k  C am p be l l ,  .aged 7 y e a r s .  Page 1J \ l a - - I Q G . . . . .  *■*. . . » » » •  o . i s  *  *  »  * 0
Date .
B lo o d .
dOAfeV.
H .B » C »  ^e )
B .B .C .(v )
W.B.C* fe )
W *B .C * (v )
Kb* ( e )
Hb* (v )
C * l . ( e )
C .I* (v )
R e t i c u l o c y t e s
F ilm .
































t 9  So
U  T « „
U^ >4S
3 / 3  o o
S '  o
O ?
/•w?
/ 9 * o
ILSTnev,
S 9 3 3
/ J  «rO o
ye
/  • ©
/ 9SO
IS fnrt





J  «S~ J?>A/
S C 4 /o
/O^fO  O
o? ■ o?.
/ ?  4/o
Oedema.
N.P.H . / / / • o //S> o 1/3-9 u  * *-
Blood C l* //*?6 U C 3 4/93 3 /4/
Plasma C l* 4 / / 434/ Vo 9 CSC
R.B.C. (V o l* )  
Serum P r o t e i n .
3< 4/ 3 3  4 / 3 9  3 3 * * 3 3  3
3  1 / 9 V3 3  Y9 3 * 9 COY
Van den B e rg *  
Brine*
A lb*
/fc* //»<■ /v«* /Vrc /V
B lo o d .
/• o /• O /* o C S
/o? / /3
C l. 9 u S o l 3~' O
S p . Or* JO/3
Amount,




/O / 3 / o /3 /O  / g
/os' o 9 / o / / j e
Blood Volume* 
T est M e a l.
/y<*. /Ye*.
/93*f
3 3 /  O O 3 /•©
/ / A?/
/ ' A T o? * / 3  3
/O/? / o / y / o / u / ooo
4430 4/0 0 3 3  © YYO
/Ye*. /Ycc,. / * s . /Sc*
^ e a tm e n t ;  15 th
28 th
Nov. ^ e r r o u s  S u lpha te  6 g r a i n s  t h r i c e  d a i l y .  
J a n .  S top F e r ro u s  S u lp h a te .
. . ? . a.t r .i .ch . 0 .a.D5>?.e .1.1. * . . i l^ . 7  y e a r s .  F a g e  2 .
Date.
Blood*
R .B .C . ( e )
R .B .C .(v )




c . r . ( e )
c . r . ( v )
R e t i c u l o c y t e s  *
Film.



































30 0 8- n**-
3-9&S a y * * A/- OS'S
/t+.ar © o Q /, OOP ft, g o  o
0 9 O 9 o . 9
© <=a 4/ o  9
d>0 J V J O ' O 3 0 -0
Oedema.
H J .H . o?0 ‘c? 3S-o3 Ar/O
Blood C l . 3o2* ©
Plasma C l* 69 S 6 6 J
R.B.C* (V o l* ) J i t ' 3 3 S - 9 j y - j
Serum P r o te in ,
Van den B erg, 
Brine*
A lb*
s -  y? 3-6  «J 3 -  93
O-S /y»^. t t  **m
/•  o /  y s o> . O /•© /• o /• © /• &-
Blood,
cI7~ I 6 Is y y
Sp* Gr* 
Amount*
/ o / / / o / 6 /©/©’ ZO/3
COO *4© 9^©
U ro b ilin *  
Blood Volume* 
Test M eal.
rfcc,. / /e g . /y ^ . /y«<?
e9 ^ r 3-- / f - z
/ o / Y / o / F / o / g / « 3 0 / O J  ©
V c © y©© S 's o 9<£C> 6 / 0
/Ye* m /Ye* /Ye* /Ye*. /Ye*
' T r e a t m e n t s  S e e  b a c k
2 8 th  J a n .  L iv e r  e x t r a c t  2 c . c s ,  I . M . . d a i l y ,
1 8 th  Feb .  S top  L i v e r  e x t r a c t .  -
22nd F eb .  A s c o r b i c  a c i d  500 mgm. I,ivl. d a i l y ,
7 t h  Mar, S to p  I ,M. a s c o r b i c  a c i d ,
8 th  Mar, A s c o rb ic  a c i d  500 mgm, by mouth d a i l y ,  
23rd  Mar, S to p  o r a l  a s c o r b i c  a c i d ,  , .....
5 th  A pr. F e r r o u s  S u l p h a t e  3 g r a i n s  t h r i c e  d a i l y .
f
Name. - a g e d  7  y e a r s- i3* - - - - 7 P a s e  3 .« O »
Blood
K .B  • C » ( e ) 
R.B *C * ( v )
/ /  • OJTC u o/s
V5‘vy
R e t ic u lo c y te s
F ilm .
Blood P r e s s u r e .
Oedema
I .P .U .
Blood C l .  
Plasma C l
R.B.C. (V o l .)  
Berum P r o t e in
J i
S  90
Van den B erg
Brine.
A lb .
B lo o d .
C l. " ~
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h  o °a/ oJ/hJ tr***

L- y / v  «  zr p ) ^ y n s  V V o T
R  . G> C . Al * /-/. CD m - f  c. r»i #v|
N  o  o f t c j e m  a , .
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BLOOD VOLUME ESTIMATIONS IH NEPHRITIS,
E x p la n a t io n  o f  t a b l e *
1# Name*
2# Age i n  y e a rs#
3# D a te  -  day and  month#
4* W eight i n  k ilo g ra m s  on day o f  e s t im a tio n #
5« O edem a-free  w e ig h t i . e .  th e  lo w e s t w e ig h t w hich  th e
p a t i e n t  re a c h e d  s u b s e q u e n tly  when a l l  oedema had  
d isa p p e a re d *
6# H e ig h t i n  c e n t im e tr e s  on day o f  e s t im a tio n #
7* S u r fa c e  A rea i n  S quare  M etres c a l c u l a t e d  from  th e  
monogram o f  D ubois (D ubois 1927)*
8# B lood  p r e s s u r e  i n  m i l l im e tr e s  o f  m ercury  on th e  day o f  
th e  e s t im a tio n #
9* Oedema i n d i c a t e d  by e m p ir ic a l  s ig n s  (R en n ie , 1933)
++ = G e n e ra l  a n a sa rc a  w i th  e f f u s io n s  i n to  
s e ro u s  c a v i t i e s #
+ = W ell m arked oedema w ith  p i t t i n g  on p re s s u re #
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